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ABSTRACT 



A reproducing layer, an intermediate layer, and a recording 
layer are successively stacked. The reproducing layer is 
made of a perpendicularly magnetized film whose domain 
wall coercivity is relatively smaller and whose domain wall 
mobility is relatively larger as compared with the recording 
layer around a reproducing temperature. When the repro- 
ducing layer, the intermediate layer, and the recording layer 
have ( uric temperatures of Tel, Tc2, and Tc3, Tel, Tc2, and 
Tc3 satisfy a relationship of Tc2<Tcl<Tc3. Upon reproduc- 
ing information, the reproducing layer is partially heated lo 
more than the C urie temperature by irradiating with a light 
beam. This arrangement makes it possible to expand and 
reproduce a domain without causing a repetition of repro- 
duction and to reproduce a signal having a period which is 
not more than an optical diffraction limit without reducing 
an amplitude of the reproduced signal, thereby dramatically 
improving a recording density. 

32 Claims, 19 Drawing Sheets 
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MAGNETO-OPTICAL RECORDING 
MEDIUM 

FIELD OF THE INVENTION 

This invention relates to magneto-optical recording media 
such as a magneto-optical disk, a magneto-optical tape, and 
a magneto-optical card, and further relates to a reproducing 
apparatus for reproducing the above-mentioned media and a 
reproducing method. 

BACKGROUND OF THE INVENTION 
Conventionally, as a rewritable optic recording medium, 
a magneto-optical recording medium has been put into 
practical use. Such a magneto-optical recording medium has 
the following drawback: when a diameter and spacing of a 
recording bit, that serve as a domain, become smaller with 
regard to a beam diameter of a light beam emitted from a 
semiconductor laser which is converged on the magneto- 
optical recording medium, the reproducing property tends to 
deteriorate. 

Such a drawback is caused by an adjacent recording bit 
which enters in the beam diameter of the light beam con- 
verged on a desired recording bit and which does not allow 
individual recording bits to be separately reproduced. 

In order to overcome the above-mentioned drawback, a 
reading material such as "High-Density Magneto-Optical 
Recording with Domain Wall Displacement Detection" 
(Joint Magneto-optical Recording International 
Symposium/International Symposium on Optical Memory 
1997 Technical Digest, Tu-E-04, p.38,39) shows a magneto- 
optical recording medium in which a first, second, and third 
magnetic layers are successively stacked. In the magneto- 
optical recording medium, the first magnetic layer is made 
of a perpendicularly magnetized film which has a domain 
wall coercivity which is relatively smaller than that of the 
third magnetic layer and has a domain wall mobility which 
is relatively larger than that of the third magnetic layer, 
around a reproducing temperature; and the second magnetic 
layer has a Curie temperature which is lower than those of 
the first and third magnetic layers. The above-mentioned 
reading material shows a technology in which the magneto- 
optical recording medium is used so as to shift the domain 
wall to an area whose temperature rises due to irradiation of 
a light beam and to separately reproduce individual record- 
ing bits without causing a reduction in intensity of a repro- 
duced signal, even when the diameter and spacing of the 
recording bit is small. 

FIG. 24 shows the reproducing method. In FIG. 24, a first 
magnetic layer 1, a second magnetic layer 2, and a third 
magnetic layer 3 are stacked in a state of an exchange 
coupling. On the assumption that the layers respectively 
have Curie temperatures of Tel, Tc2, and Tc3, it is under- 
stood that a relationship of Tc2<Tcl exists. In FIG. 24, 
arrows indicate the direction of the transition metal magnetic 
moment of each of the magnetic layers. Additionally, in FIG. 
24, a recorded domain has already been formed in the third 
magnetic layer 3, in which upward domains and downward 
domains alternately exist. 

In such a magneto-optical recording medium, when a 
light beam 4 for reproducing is converged and emitted from 
the first magnetic layer 1, an area whose temperature 
exceeds the Curie temperature(shown by a hatched part) 
appears in the second magnetic layer 2. At this time, in an 
area whose temperature is lower than the Curie temperature, 
the exchange coupling allows domain information of the 
third magnetic layer 3 to be transferred to the first magnetic 
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layer 1 via the second magnetic layer 2. Namely, upward 
transition metal magnetic moment, which appears at the 
front end of an area 8 irradiated with a light beam, is directly 
transferred from the third magnetic layer 3 to the first 

5 magnetic layer 1. Meanw hile, in the area w hose temperature 
rises above the Curie temperature in the second magnetic 
layer 2(thc medium shifts in accordance with a rotation of a 
disk substrate, etc., so that the area is located behind the 
optical beam 4, in other words, on the side of "medium 

10 shifting direction" in FIG. 24), the second magnetic layer 2 
interrupts the exchange coupling between the first magnetic 
layer 1 and the third magnetic layer 3; thus, the domain wall 
of the first magnetic layer 1 can readily shift. 
When the information of the third magnetic layer 3 is 

1? directly transferred to the lirst magnetic layer 1, a domain 
wall 5 is supposed to be formed; however, on the area w hose 
temperature exceeds the Curie temperature in the second 
magnetic layer 2, a domain wall of the first magnetic layer 
1 readily shifts, the domain wall 5 shifts to the most stable 

20 position. Here, in view of the fact that energy density of the 
domain wall becomes smaller as the temperature increases, 
the domain wall 5 is supposed to shift to a position whose 
temperature is increased to the highest due to irradiation of 
the light beam 4 so as to a domain wall 6 is formed. 

25 As described above, in the magneto-optical recording 
medium, the characteristic of the second magnetic layer 2 
makes it possible to shift the domain wall. With this 
arrangement, a recording domain of the third magnetic layer 
3 is allowed to expand in the first magnetic layer 1. 

30 Therefore, even if the recording domain is small, it is 
possible to increase an amplitude of a reproduced signal and 
to reproduce a signal having a period which is not more than 
an optical diffraction limit. 

However, in the above-mentioned reproducing method, 
the domain wall shifts from the front end and from the rear 
end so that one domain is reproduced twice. Referring to 
FIGS. 25 and 26, the following explanation describes this 
drawback. 

40 FIG. 25 illustrates a state in which an isolated domain 7 
formed in the third magnetic layer 3 exists at the front end 
of the light beam 4, the third magnetic layer 3 and the lirst 
magnetic layer 1 are exchangeably coupled to each other at 
the position of the isolated domain 7, and the upward 

45 moment is transferred to the first magnetic layer 1. 
Additionally, in FIG. 25, a hatched part in the second 
magnetic layer 2 is an area X which is heated to more than 
the Curie temperature. 

In the state described in FIG. 25, as described above, the 

50 domain wall 5 shifts to the domain wall 6 so as to expand the 
domain, and a reproduced domain 9, which has upward 
moment with regard to the area 8 irradiated with the light 
beam 4, is formed; thus, it is possible to obtain a large 
amplitude of the reproduced signal. 

55 In a state described in FIG. 25, when the medium 
(magneto-optical recording medium) shifts relative to the 
optical beam 4 and the isolated domain 7 passes through the 
area X, downward moment of the third magnetic layer 3 is 
transferred to the first magnetic layer 1 and the moment of 

oo the area 9 goes downward(uot shown). 

Further, when the medium shifts so as to have a stale 
illustrated in FIG. 26, namely, in a state in which the isolated 
domain 7 exists at the rear end of the area X of the second 
magnetic layer 2, upward moment of the isolated domain 7 

65 of the third magnetic layer 3 is transferred to the first 
magnetic layer 1, and a domain wall 5' shifts to a domain 
wall 6' which is located at the most stable position. 



Therefore, with regard to the area 8 irradiated with the light 
beam 4, a reproduced domain 10 exists with upward 

As described above, the isolated domain 7 is reproduced 
when the isolated domain 7 is located at the front end of the 
area X, which is heated to more than the Curie temperature 
due to irradiation of a light beam in the second magnetic 
layer 2(state described in FIG. 25), and the isolated domain 
7 is reproduced once again when the isolated domain 7 is 
located at the rear end of the area X(state described in FIG. 
26). 

As described in "High-Density Magneto-Optical Record- 
ing with Domain Wall Displacement Detection" (Joint 
Magneto-optical Recording International Symposium/ 
International Symposium on Optical Memory 1997 Techni- 
cal Digest, lu-L-04, p.3<S,39), this phenomenon consider- 
ably tends to appear in a relatively long recording domain in 
which the third magnetic layer 3 and the first magnetic layer 
1 are exchangeably coupled to each other in a stable manner. 

As described above, the conventional magneto-optical 
recording medium is not capable of stably reproducing a 
relatively long recording domain and causes a serious prob- 
lem upon recording and reproducing in a higher density by 
using a mark edge recording method. 

SUMMARY OF THE INVENTION 



The present invention is devised in order to solve the 
above-mentioned convent ional problem. The objective is lo 
provide a magneto-optical recording medium, a reproducing 
apparatus, and a reproducing method which are capable of 
reproducing a signal whose period is not more than the 
optical diffraction limit, without reducing an amplitude of 
the reproduced signal, and which cause no repetition of 
reproduction even when a recording domain is long. 

In order to achieve the above-mentioned objective, the 
magneto-optical recording medium of the present invention 
includes: a recording layer, an intermediate layer in w hich an 
area for interrupting an exchange coupling to the recording 
layer is formed at a predetermined temperature or more, and 
a reproducing layer which is made of a perpendicularly 
magnetized film whose domain wall cocrcivity is relatively 
smaller and whose domain wall mobility is relatively larger 
as compared with the recording layer around a predeter- 
mined temperature, the reproducing layer being arranged so 
as to have a composition which, upon reproducing, is 
allowed to partially form an area whose temperature exceeds 
a Curie temperature of the reproducing layer, on the area of 
the intermediate layer that interrupts the exchange coupling. 

Further, the reproducing apparatus of the present inven- 
tion for reproducing the magncto-i iptical recording medium, 
the magneto-optical recording medium including: a record- 
ing layer, an intermediate layer in which an area for inter- 
rupting an exchange coupling to the recording layer is 
formed at a predetermined temperature or more, and a 
reproducing layer which is made of a perpendicularly mag- 
netized film whose domain wall coercivity is relatively 
smaller and whose domain wall mobility is relatively larger 
as compared with the recording layer around a predeter- 
mined temperature, the reproducing layer being arranged so 
as to have a composition which, upon reproducing, is 
allowed to partially form an area whose temperature exceeds 
a Curie temperature of the reproducing layer, on the area of 
the intermediate layer that interrupts the exchange coupling, 
the reproducing apparatus including an irradiating means lor 
emitting a light beam on the magneto-optical recording 
medium upon reproducing, and a controlling means for 



controlling intensity of an irradiated light beam so as to heat 
the reproducing layer of the magneto-optical recording 
medium to more than the Curie temperature. 

Furthermore, a reproducing method of the magneto- 

5 optical recording medium, the magneto-optical recording 
medium including: a recording layer, an intermediate layer 
in which an area for interrupting an exchange coupling to the 
recording layer is formed at a predetermined temperature or 
more, and a reproducing layer which is made of a perpen- 

10 dicularly magnetized film whose domain wall coercivity is 
relatively smaller and whose domain wall mobility is rela- 
tively larger as compared with the recording layer around a 
predetermined temperature, the method including the step of 
heating the reproducing layer upon reproducing so as to 

15 partially generate the area, whose temperature exceeds the 
Curie temperature of the reproducing layer, on the area of 
the intermediate layer that interrupts the exchange coupling, 
the area of the reproducing layer regulating a shift of a 
domain wall. 

20 The above-mentioned arrangement makes it possible to 
expand and reproduce a domain without causing a repetition 
of reproduction and to reproduce a signal whose period is 
not more than an optical diffraction limit without reducing 
an amplitude of the reproduced signal, thereby dramatically 

2:1 improving a recording density. 

For a fuller understanding of the nature and advantages of 
the invention, reference should be made to the ensuing 
detailed description taken in conjunction with the accom- 

m panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional model drawing for explaining a 
principle of reproduction of a magneto-optical disk of the 
present invention. 

FIG. 2 is a sectional model drawing for explaining a state 
in which a medium shifts in FIG. 1. 

FIG. 3 is a sectional model drawing for explaining another 
state in which the medium shifts in FIG. 1. 

FIG. 4 is a sectional view showing a construction of the 
magneto-optical disk of the first embodiment. 

FIG. 5 is a sectional view showing a construction of the 
magneto-optical disk formed on a substrate which includes 
a guide groove. 

FIG. 6 is a plan view for explaining a domain wall of the 
magneto-optical disk illustrated in FIG. 5. 

FIG. 7 is a sectional view showing a construction in which 
an auxiliary recording layer is further stacked on the 
magneto-optical disk of the first embodiment. 

FIG. 8 is a graph showing dependence on a mark length 
with regard to a CNR of the magneto-optical disk of the 



mple 

FIG. 9 is a sectional model drawing lor explaining a 
principle of reproduction of a magneto-optical disk of the 
second embodiment. 

FIG. 10 is a sectional model drawing for explaining a 
magnetic property of the magneto-optical disk illustrated in 
FIG. 9. 

FIG. 11 is a sectional view showing a construction of a 
magneto-optical disk of the second embodiment. 

FIG. 12 is a graph showing dependence on a mark length 
with regard to a CNR of the magneto-optical disk of the 
example 5. 

FIG. 13 is a sectional model drawing for explaining a 
principle of reproduction of the magneto-optical disk of the 
third embodiment. 
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FIG. 14 is a sectional model drawing for explaining a 
magnetic property of the magneto-optical disk illustrated in 
FIG. 13. 

FIG. 15 is a sectional view showing a construction of a 
magneto-optical disk of the third embodiment. 

FIG. 16 is a graph showing dependence on a mark length 
with regard to a CNR of the magneto-optical disk of the 
example 6. 

FIG. 17 is a sectional model drawing for explaining a 
principle of reproduction of the magneto-optical disk of the 
fourth embodiment. 

FIG. 18 is a sectional view showing a construction of a 
magneto-optical disk of the fourth embodiment. 

FIG. 19 is a graph showing dependence on a mark length 
with regard to a CNR of the magneto-optical disk of the 
example 7. 

FIG. 20 is a graph showing dependence on a mark length 
with regard to a CNR of the magneto-optical disk of the 
example 8. 

FIG. 21 is a graph showing dependence on a recording 
magnetic field with regard to a CNR of the magneto-optical 
disk of the example 8. 

FIG. 22 is a graph showing dependence on a mark length 
with regard to a CNR of the magneto-optical disk of the 
example 9. 

FIG. 23 is a graph showing dependence on a recording 
magnetic field with regard to a CNR of the magneto-optical 
disk of the example 9. 

FIG. 24 is a sectional model drawing for explaining a 
principle of reproduction of a conventional magneto-optical 
disk. 

FIG. 25 is a sectional model drawing for explaining a state 
in which a medium shifts in FIG. 24. 

FIG. 26 is a sectional model drawing for explaining 
another state in which the medium shifts in FIG. 24. 

FIG. 27 is an explanatory drawing schematically showing 
a construction of reproducing apparatus. 

DESCRIPTION OF THE EMBODIMENTS 
The following explanation describes the detail of a 
magneto-optical recording medium in accordance with the 
present invention. Firstly, the principle is discussed with 
regard to the magneto-optical recording medium of the 
present invention. 

FIG. 1 is a sectional model drawing which shows a 
reproducing stale of the magneto-optical recording medium 
of the present invention. In the magneto-optical recording 
medium of the present invention, a first magnetic layer 
(reproducing layer)l, a second magnetic layer(intermediale 
layer)2, and a third magnetic layer( recording layer)3 are 
successively slacked, flic first magnetic layer 1 is made of 
a perpendicularly magnetized film whose domain wall coer- 
civity is relatively smaller and whose domain wall mobility 
is relatively larger as compared with the third magnetic layer 
3 around the reproducing temperature. Further, when the 
Curie temperatures of the first magnetic layer 1, the second 
magnetic layer 2, and the third magnetic layer 3 are respec- 
tively represented by Tel, Tc2, and Tc3, each of the mag- 
netic layers is arranged so as to have a magnetic property 
w hich satisfies the condition of Tc2<Tcl<Tc3. 

Such a magneto-optical recording medium records infor- 
mation in the third magnetic layer 3 as upward magnetiza- 
tion moment and downward magnetization moment. And 
then, a reproducing operation is performed as follows: 
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At room temperature, the first magnetic layer 1, the 
second magnetic layer 2, and the third magnetic layer 3 are 
exchangeably coupled to one another so that information 
recorded in the third magnetic layer 3 is transferred to the 

5 first magnetic layer 1 via the second magnetic layer 2. 

Upon reproducing, an optical beam irradiating means of 
a reproducing apparatus emits a light beam 4 on the first 
magnetic layer 1 so that the second magnetic layer 2 forms 
an heated area whose temperature exceeds the Curie 

i° temperaturefshown by hatch lines sloped to upper right in 
the figure). At this time, in the heated area, the magnetization 
of the second magnetic layer 2 disappears so that the 
exchange coupling is interrupted, and in the first magnetic 
layer 1, a domain wall located on the heated area can readily 

15 shift. Therefore, in the area whose temperature exceeds the 
Curie temperature in the second magnetic layer 2, a domain 
wall 5 shifts backward so as to form a large domain. 

In prior art, in this step, the domain wall shifts again at the 
rear end of the optical beam 4 which is irradiated on the first 

20 magnetic layer 1; thus, the same recording domain is repeat- 
edly reproduced as described above. 

Therefore, in the magneto-optical recording medium of 
the present invention, the first magnetic layer 1, the second 
magnetic layer 2, the third magnetic layer 3 are arranged so 
as to satisfy the condition of Tc2<Tcl<Tc3. Further, upon 
reproducing information, the optical beam irradiating means 
of the reproducing apparatus emits an optical beam on the 
magneto-optical recording medium so as to heat the 

3Q magneto-optical recording medium to more than a prede- 
termined temperature(reproducing temperature). More 
specifically, in the first magnetic layer as well, a optical 
beam is controlled so as to have sufficient intensity for 
forming an area whose temperature exceeds the Curie tcm- 

35 perature. And then, the optical beam is irradiated on the 
magneto-optical recording medium. 

Here, FIG. 27 schematically shows a construction of the 
reproducing apparatus. Further, the reproducing apparatus 
merely needs to reproduce the magneto-optical recording 

40 medium; therefore, the reproducing apparatus is provided 
with at least an optical pickup 106 serving as an optical 
beam irradiating means, and a controller 108 serving as a 
control means for controlling intensity of the optical beam 
emitted from the optical pickup 106. 

4s A magneto-optical disk 101. in w hich a magneto-optical 
recording medium 102 is formed, is fixed via a center hub 
103 on a spindle which is capable of rotating so that the 
magneto-optical disk 101 rotates together with the spindle 
104. The optical pickup 106, which serves as a light source 

50 upon reproducing, is provided with a semiconductor laser 
light source and an objective lens 105. The optical pickup 
106 is disposed in a manner so as to move in the diameter 
direction on the magneto-optical disk 101, and converges 
light emitted from the semiconductor laser light source via 

55 the object lens 105 onto the magneto-optical recording 
medium 102. Upon reproducing information recorded in the 
magneto-optical disk, the optical beam is intense enough to 
heat a first magnetic layer l(rcproducing layer) of the 
magneto-optical recording medium 102 to more than the 

6 o Curie temperature. The intensity of the optical beam is also 
controlled so as to heat a third magnetic layer 3( recording 
layer) at less than the Curie temperature. 

Further, upon recording information into the magneto- 
optical recording medium 102 by using the above- 

65 mentioned apparatus, it is necessary to further arrange a 
magnetic field generating means 107 on the opposite side of 
the optical pickup 106. Furthermore, upon recording 



i, while the optical pickup 106 emits an optical 
beam on the magneto-optical recording medium 102 at a 
certain output, the magnetic field generating means 107 
generates a recording magnetic field so that it is possible to 
record information into the magneto-optical recording 5 
medium 102. At this time, the intensity of the optical light 
beam is controlled so as to heat the third magnetic layer 
3( recording layer) of the magneto-optical recording medium 
102 to more than the Curie temperature. 

Moreover, in addition to control on reproducing power 
and recording power of the optical pickup, the controller ION 
exerts control on rotation of the spindle 104, focusing and 
tracking of the optical pickup 106, and intensity of the 
generated magnetic field of the magnetic field generating 
means 107, and so on. 

With this arrangement, in the first magnetic layer 1, it is 
possible to form an area ll(shown by hatch lines sloped to 
lower right in the figure) whose magnetization disappears 
due to a rise in temperature. The area 11 makes it possible 
to prevent the domain wall from shifting from the rear end 
of the optical beam 4. 

As described above, upon reproducing, the first magnetic 
layer 1 is arranged so as to form an area whose temperature 
exceeds the Curie temperature of the first magnetic layer 1, 
namely, the area 11, on a portion of the second magnetic 
layer 2 that has a temperature exceeding the Curie tempera- 
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In the same manner as FIGS. 25 and 26 which describe 
prior art, FIGS. 2 and 3 are sectional model drawings which 
show a state in which an isolated domain 7 shifts in 
accordance with the shift of the medium. 

As shown in FIG. 2, in the case when the isolated domain 
7 is located at the front end, in the same manner as described 
in FIG. 25, the domain wall 5 shifts to an edge 12 of a Curie 3S 
temperature area 11 so as to expand and reproduce the 
domain. Meanwhile, as shown in FIG. 3, in the case when 
the isolated domain 7 is located at the rear end, namely, on 
the side of magneto-optical ••recording medium shifting 
direction", a domain wall 5' shifts to an edge 12' of the Curie 40 
temperature area 11. Namely, the shift of the domain wall 5' 
is regulated at the edge 12'. 

Here, around the rear end, the domain expanded by the 
shift of the domain wall 5' is located outside an irradiation 
area 8 of the optical beam 4. Namely, after the domain has 45 
been expanded, the Curie temperature area 11 is formed so 
as to range from somewhere in the irradiation area 8 to the 
rear end of the irradiation area 8. Therefore, the domain 
expanded by the shift of the domain wall 5' is not reproduced 
by the light beam 4. Thus, it is possible to expand and 50 
reproduce the domain merely at the front end without 
causing the repetition of reproduction, that is described in 
FIGS. 25 and 26. 

Therefore, it is possible to precisely reproduce a long 
recording domain and to respond to a high-density mark 55 
edge recording. 
[First Embodiment] 

Referring to figures, the following explanation describes 
one embodiment of the present invention. 

As shown in FIG. 4, the magneto-optical recording 60 
medium of the present embodiment has a construction in 
which a transparent dielectric protecting layer 14, a first 
magnetic layer 1, a second magnetic layer 2, a third mag- 
netic layer 3, and a protecting layer 15 are successively 
formed on a magneto-optical disk substrate 13. 65 

In such a magneto-optical disk, a Curie temperature 
recording method is adopted as a recording method. The 
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recording is performed as follows: a light beam 4 is con- 
verged into the first magnetic layer 1 through the substrate 
13 and the transparent dielectric protecting layer 14, and 
adds external magnetic field while increasing the tempera- 
ture of the third magnetic layer 3 to more than a Curie 
temperature so as to control the magnetizing direction of the 
third magnetic layer 3. 

Further, upon reproducing, the light beam 4 is set to be 
lower than that of recording, and a magneto-optical effect 
known as a polar Kerr effect allows information to be 
reproduced. The polar Kerr effect is a phenomenon in which 
magnetization being perpendicular to a light-incident sur- 
face causes inverse rotation of a polarizing surface of 
reflected light. 

FIG. 5 is a sectional view showing the magneto-optical 
recording medium formed on the substrate 13 having a guide 
groove 16. The substrate 13 is, for example, made of a base 
transparent material such as a polycarbonate and is made 
into a disk with the guide groove 16 for directing the light 
beam 4 on a film -forming surface. In the present invention, 
the guide groove 16 can be arranged so as to record merely 
for one of a land 17 and the guide 16, and can be also 
arranged so as to record for both the land 17 and the guide 
groove 16. It is desirable that the depth of the guide groove 
16 be more than twice as large as the film thickness of the 
first magnetic layer 1. 

The depth of the guide groove 16 is formed into a 
rectangular with a length of 100 nm, which is more than 
twice as large as the film thickness of the first magnetic layer 
1, 40 nm. Therefore, the first magnetic layer 1 stacked on the 
land 17 is virtually separated at a level difference 18 between 
the guide groove 16 and the land 17. Additionally, in a 
practical operation, the first magnetic layer 1 is formed by 
using a sputtering method so that a magnetic film is formed 
on the level difference 18 as well; consequently, the first 
magnetic layer 1 is connected. However, the film thickness 
is extremely small so that it is possible to ignore a magnetic 
coupling occurring at the level difference 18. In the present 
invention, such a state is referred to as a magnetic separation 
between information tracks. 

When a reverse domain is formed in a manner so as to fill 
a groove width, as shown iu FIG. 6, a domain wall is not 
formed at a boundary portion of the domain in the level 
difference 18, and a domain wall 23, which is not closed, is 
formed at a boundary portion of the domain on the land 17. 
The unclosed domain wall 23 like this does not generate and 
erase a domain wall on the level difference 18 even when 
shifting in a track direction so as to readily shift. 

As the transparent dielectric protecting layer 14, it is 
desirable to use a transparent dielectric made of a material 
selected from A1N, SiN, AlSiN, and Ta,0 3 , etc. The film 
thickness needs to be arranged so as to realize a favorable 
interference effect and increase a Kerr rotation angle of the 
medium, with regard to the incident light beam 4. Therefore, 
on the assumption that the wavelength of the light beam 4 is 
X and the refractive index of the transparent dielectric 
protecting layer 14 is n, the film thickness of the transparent 
dielectric protecting layer 14 is set at approximately (V 
(4n)). For example, if the wavelength of the light beam 4 is 
680 nm, the film thickness of the transparent dielectric 
protecting layer 14 can be set at approximately between 40 
nm and 100 nm. 

The first magnetic layer 1 is made of a perpendicularly 
magnetized film which has a smaller domain wall coercivity 
and a larger domain wall mobility as compared with the third 
magnetic layer 3 around the reproduction temperature. And, 
the first magnetic layer 1 has a lower Curie temperature than 



that of the third magnetic layer 3. Further, the composition 
is adjusted as follows: upon reproducing, the light beam 4 is 
irradiated so as to form an area 11 whose temperature 
increases to more than the Curie temperature in the first 
magnetic layer 1. 

It is desirable to set a Curie temperature Tel of the tirst 
magnetic layer 1 at between 140° C. and 240° C. In the case 
of Tef<f40° C, the Kerr rotation angle considerably 
decreases in accordance with a reduction in the Curie 
temperature of the first magnetic layer 1, and the intensity of i 
a reproduced signal is reduced so that it is not possible to 
obtain a favorable reproducing property. In the case of 
Tcl>240° C, it is necessary to increase the temperature of 
a part of the first magnetic layer 1 at least to more than 240° 
C. by irradiating the light beam 4 upon reproducing, so that 1 
there is a possibility that the third magnetic layer 3 may be 
heated to more than the Curie temperature due to fluctua- 
tions in temperature, etc. and recorded information may be 
erased; thus, a power margin for reproduction becomes 
extremely narrow. 

Further, it is desirable to set the film thickness of the first 
magnetic layer 1 between 20 and 80 nm. If the film thickness 
of the first magnetic layer 1 becomes less than 20 nm, the 
amount of transmitted light increases so that a favorable 2 
masking effect cannot be obtained, and the intensity of the 
reproduced signal is reduced so as to cause degradation in 
the reproducing property. Furthermore, if the film thickness 
of the first magnetic layer 1 becomes larger than 80 nm, 
sensitivity for recording is considerably degraded due u < the ; 
increase in a film thickness. 

As the first magnetic layer 1, it is possible to adopt a 
perpendicularly magnetized film which is made of materials 
selected from: GdFe and GdFeD or GdFeCoD(D is made of 
one or more elements selected from Y, Ti, V, Cr, Pd, Cu, Si, 3 
and Al), and GdHRFe, GdHRFeCo, or GdHRFeCoD(HR is 
a heavy rare earth metal, and is made of one or more 
elements selected from lb, Dy, Ho, and Er, and D is made 
of one or more elements selected from Y, Ti, V, Cr, Pd, Cu, 
Si, and Al), and GdLRFe, GdLRFeCo, or GdLRFeCoDfLR 4 
is a light rare earth metal, and is made of one or more 
elements selected from Ce, Pr, Nd, and Sm, and D is made 
of one or more elements selected from Y, Ti, V, Cr, Pd, Cu, 
Si, and Al). 4 

The second magnetic layer 2 is made of a magnetic film, 
which is made of an alloy of rare earth metal transition 
metals. The Curie temperature is set lower than those of the 
first magnetic layer 1 and the third magnetic layer 3. It is 
desirable to set the Curie temperature Tc2 of the second 
magnetic layer 2 at between 40° C. and 140° C. 

In the case of Tc2<40° C, the Curie temperature of the 
second magnetic layer 2 is reduced too much so that in a part 
whose temperature is not increased to the Curie temperature, s 
it becomes difficult to maintain an exchange coupling 
between the first magnetic layer 1 and the third magnetic 
layer 3; consequently, quality of the reproduced signal is 
degraded. Further, in the case of Tc2>140° C, the first 
magnetic layer 1 and the third magnetic layer 3 are 
exchangeably coupled to each other even in a higher tem- 
perature range so that expansion of a domain becomes small; 
consequently, the intensity of the reproduced signal is 
reduced and quality of the signal is degraded. 6 

Moreover, it is desirable to set the film thickness of the 
second magnetic layer 2 at between 2 nm and 80 nm. If the 
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film thickness of the second magnetic layer 2 is reduced to 
less than 2 nm, in an area whose temperature increases to 
more than the Curie temperature in the second magnetic 
layer 2, it is not possible to interrupt the exchange coupling 
between the first magnetic layer 1 and the third magnetic 
layer 3, and the shift of the domain wall is prevented in the 
first magnetic layer 1 so that it becomes difficult to realize 
a stable expansion and reproduction of the domain. Further, 
if the film thickness of the second magnetic layer 2 exceeds 
80 nm, the sensitivity for recording is considerably degraded 
due to the increase in the film thickness. 

As the second magnetic layer 2, it is possible to adopt a 
perpendicularly magnetized film which is made of materials 
selected from: TbFe, TbFeCo, DyFe, DyFeCo, TbDyFe, 
TbDyFeCo, TbFeD, TbFeCoD, DyFeD, DyFeCoD, 
TbDyFeD, and TbDyFeCoD(D is made of one or more 
elements selected from Y, Ti, V, Cr, Pd, Cu, Si, and Al). 

I he third magnetic layer 3 is made of a perpendicularly 
magnetized film, which is made of an alloy of rare earth 
metal transition metals. The Curie temperature is set higher 
than those of the first magnetic layer 1 and the second 
magnetic layer 2. It is desirable to set the Curie temperature 
Tc3 of the third magnetic layer 3 at between 180° C. and 
300° C. 

In the case of Tc3<180° C, the Curie temperature of the 
third magnetic layer 3 is reduced too much so that upon 
reproducing, when the first magnetic layer 1 is heated to 
more than the Curie temperature, even a slight temperature 
increase heats the medium to more than the Curie tempera- 
ture of the third magnetic layer 3. In this case, information 
recorded in the third magnetic layer 3 is erased, resulting in 
a considerable reduction in the power margin for reproduc- 

In the case of Tc3>300° C, upon recording, it is necessary 
to heat the third magnetic layer 3 to more than 300° C. so 
that the sensitivity for recording is considerably degraded. 
At the same time, the first magnetic layer 1, the second 
magnetic layer 2, and the third magnetic layer 3 are heated 
to more than 300° C, resulting in a degradation in the 
magnetic property of each of the magnetic layers and 
degradation in quality of a generating signal upon erasing a 
record. 

Furthermore, it is desirable to set the film thickness of the 
third magnetic layer 3 at between 5 nm and 80 nm. If the film 
thickness of the third magnetic layer 3 is reduced to less than 
5 nm, it becomes difficult to record in a stable manner, and 
an increase in recording noise causes degradation in quality 
of the reproduced signal. Moreover, if the film thickness of 
the third magnetic layer 3 exceeds 80 nm, the sensitivity for 
recording is considerably degraded due to the increase in 
film thickness. 

As the third magnetic layer 3 for achieving the above- 
mentioned magnetic property, it is possible to adopt a 
perpendicularly magnetized film which is made of materials 
selected from TbFe, TbFeCo, DyFe, DyFeCo, TbDyFe, and 
TbDyFeCo. 

The protecting layer 15 is made of a transparent dielectric, 
which is made of materials selected from A1N, SiN, AlSiN, 
and Ta^O^ or made of an alloy of non-magnetic metals, 
which are made of metals selected from Al, Ti, Ta, and Ni. 
The protecting layer 15 is formed in order to prevent the 
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alloy of rare earth metal transition metals, which are used for 
the first magnetic layer 1, the second magnetic layer 2, and 
the third magnetic layer 3, from being subjected to oxidiza- 
tion. The film thickness is preferably set at between 5 nm 
and 60 nm. 

Additionally, with the arrangement of the protecting layer 
15, a thermal dispersion metal layer, which is made of 
materials selected from Al, AlTa, AITi, AlCr, AINi, AICo, 
and Cu, can be further added to the upper part of the 
protecting layer 15 so that it is possible to improve a thermal 
property of the medium. Further, in some cases, an ultra- 
violet cure resin, a heat cure resin, or a lubricant layer can 
be formed on the protecting layer 15 or the thermal disper- 
sion metal layer. 

Moreover, as shown in FIG. 7, in order to record in a low 
magnetic field, it is also possible to stack and form a 
perpendicularly magnetized film such as an auxiliary record- 
ing layer 24 made of a perpendicularly magnetized film, 
which is made of materials selected from GdFeCo, 
GdTbFeCo, and GdDyFeCo. The perpendicularly magne- 
tized film is in contact with the third magnetic layer 3 and 
has a smaller coercivity and a higher Curie temperature as 
compared with the third magnetic layer 3. 

Moreover, the auxiliary recording layer makes it possible 
to realize a recording in a low magnetic field for the 
following reason: the recording layer is heated to around or 
more than the Curie temperature, and the magnetization 
direction of the recording layer is directed to the recording 
magnetization, so as to realize a recording in the magneto- 
optical recording medium. However, the recording layer has 
a small magnetization around the Curie temperature so that 
the magnetostatic coupling is reduced between the recording 
magnetic field and the recording layer; consequently, it is 
necessary to provide a relatively large recording magnetic 
field in order to align the magnetization of the recording 
layer to the direction of the recording magnetic lie Id. For this 
reason, the auxiliary recording layer, which has a higher 
Curie temperature than the recording layer, is stacked so as 
to increase the magnetrostatic coupling between the auxil- 
iary recording layer and the recording layer. Furthermore, 
the auxiliary recording layer has a relatively small coercivity 
so that it is possible to align the magnetization direction of 
the auxiliary recording layer to the direction of the recording 
magnetic field even in a lower recording magnetic field. As 
described above, the magnetization of the auxiliary record- 
ing layer, that is aligned to the direction of the recording 
magnetic field in a lower recording magnetic field, is trans- 
ferred to the recording layer by an exchange coupling so that 
it is possible to record in a low magnetic field. 

The following explan ilion describes examples of a form- 
ing method of the magneto-optical disk having the above- 
mentioned construction, and a method for reproducing a 

EXAMPLE 1 

(f) A Forming Method of the Magneto-optical Disk. 

The following explanation describes a forming method of 

the magneto-optical disk having the above-mentioned con- 
Firstly, in a sputtering device which is provided with an 

Al target, a GdFeSi alloy target, a TbFeCo alloy target, and 

a DyFe alloy targe i , a substrate 13 made of a polycarbonate, 
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that includes a guide groove having a depth of 100 nm and 
is formed into a disk, is disposed. 

further, after the inside of the sputtering device has been 
evacuated to 1x10 6 Torr, a mixed gas of argon and nitrogen 

5 is filled therein, electricity is applied to the Al target so as to 
form a transparent dielectric protecting layer 14 made of 
A1N on the substrate 13 with a thickness of 80 nm, under the 
condition of a gas pressure of 4xl0~ 3 Torr. 

Next, after the inside of the sputtering device has been 
evacuated to 1x10"" Torr again, a gas of argon is filled 
therein, elect! icily is applied to the GdFeSi alloy target so as 
to form a first magnetic layer 1 made of (Gdo 0 27 Fe 0 73 ) 
o.ssSio.is on tne transparent dielectric protecting layer 14 

I - with a film thickness of 40 nm. under the condition of a gas 
pressure of 4x10" 3 Torr. The first magnetic layer 1 is a 
perpendicularly magnetized film with a compensation tem- 
perature of 140° C. and a Curie temperature of 180° C. 
And then, successively, electricity is applied to the DyFe 

20 alloy target so as to form a second magnetic layer 2 made of 
Dy 025 Fe 074 on the first magnetic layer 1 with a film 
thickness of 10 nm, under the condition of a gas pressure of 
4x10" 3 Torr. The second magnetic layer 2 is a perpendicu- 
larly magnetized film with a compensation temperature of 

25 40° C. and a Curie temperature of 80° C. 

And then, successively, electricity is applied to the 
TbFeCo alloy target so as to form a third magnetic layer 3 
made of Tb 0 . 27 (Fe 088 Co 012 ) 0i73 on the second magnetic 

30 layer 2 with a film thickness of 30 nm, under the condition 
of a gas pressure of 4x10" 3 Torr. The third magnetic layer 3 
is a perpendicularly magnetized film with a compensation 
temperature of 160° C. and a Curie temperature of 260° C. 
Next, a mixed gas of argon and nitrogen is filled therein, 

35 electricity is applied to the Al target so as to form a 
protection layer 15 made of A1N on the third magnetic layer 
3 with a film thickness of 20 nm, under the condition of a gas 

40 (2) Recording and Reproducing Property 

The following explanation describes an evaluation result, 
in which the magneto-optical disk is evaluated by using a 
magneto-optical pickup which adopts a semiconductor laser 
having a wavelength of 680 nm, under the condition of a 

45 linear speed of 2.5 m/s. 

Firstly, a recording magnetic field is modulated at ±15 
kA/m so that repeated patterns of upward magnetization and 
downward magnetization are formed on the third magnetic 
layer 3 in accordance with the direction of the recording 
magnetic field, under a continuous irradiation of a recording/ 
reproducing laser of 6 mW. Further, a modulation frequency 
is changed on the recording magnetic field so that a domain 
pattern having a mark length between 0.1 and 0.5 /mi is 

55 recorded. Here, the mark length means that the recording 
domain whose length corresponds to the mark length is 
formed with a pitch which is twice as long as the mark 

Next, with regard to a CNR(Carrier to Noise Ratio), a 
60 dependence on the mark length is measured under a con- 
tinuous irradiation of the recording/reproducing laser of 1.5 
mW. FIG. 8 shows the result of the example 1. Further, for 
comparison, FIG. 8 shows a CNR of a magneto-optical disk 
65 of the example 1 that adopts GdFeCo having the Curie 
temperature of 280° C. as the first magnetic layer 1, as a 
comparative example 1. 
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In a comparison of the example 1 and the comparative 
example 1, both of them are able to obtain the CNRs of 40 
dB or more as long as the mark length is not more than 0.f5 
fan; however, the CNR of the comparative example 1 
sharply decreases at the mark length of more than 0.15 fan. 
This is because, in the comparative example f, due to an 
increase in the mark length, a domain wall shifts from the 
rear end so as to expand a domain, and the domain expanded 
from the rear end is simultaneously reproduced with a 
domain which is expanded when a domain wall shifts from 
the frond end, so that a reproduced noise increases. 

Meanwhile, in the example 1, the domain wall shifted 
from the rear end stops at a portion whose temperature 
increases to more than the Curie temperature in the first 
magnetic layer 1 so that the expanded domain, which is 
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EXAMPLE 2 

With regard to a magneto-optical recording medium of the 
example 1, a merely magnetic property of a first magnetic 
layer 1 is allowed to vary in accordance with a composition 
adjustment so as to form a magneto-optical disk, and then 
the recording and reproducing property is studied. Table 1 
shows a result of measuring a CNR for a 0.1 fim mark length 
in the case when a composition, a compensation 
3 temperature, and a Curie temperature of the first magnetic 
layer 1 vary. Additionally, the measurement is carried out by 
adjusting the reproducing power for each disk in order to 
prevent a reduction of the CNR at the mark length of 0.3 fan, 
namely, to prevent a repetition of reproduction caused by a 
domain wall shifting from the rear end. 



DISK FIRST M 



lo.27Fe 0 . 73 ) 0 . 75 Si 0 . 25 

Ja.vI'C ,.,. 1 )„„,Si„,„ 

Jo.33Fe 0 .67)a85Siai5 
(Gd„. 31 Fe as9 ) a85 Si ai5 
(Gd a29 Fe a71 ) a85 Si ai5 
(Gd 0 . 27 Fe 0 . 7 ,) 0 85 Si 015 
(Gd 0 . 25 Fe 0 . 75 ) 0 85 Si 015 
(Gd 0 . 23 Fe 0 . 7 ,) 0 85 Si 015 
(Gd 0 . 20 Fe 0 . 80 ) 085 Si 015 
(Gd al7 Fe a83 ) a85 Si al5 



40.5dB 
39.0dB 
31).(jdl! 
33. 2d I! 



caused by the domain wall shifted from the rear end, does 
not enter the spot of the light beam; therefore, even when the 
mark length is more than 0.15 fan, any reduction in the CNR 40 
is not found at all. As described above, it is confirmed that 
the magneto-optical recording medium of the example 1 
makes it possible to reproduce merely the domain expanded 
at the front end without causing a repetition of reproduction 45 
so as to be adoptable to a mark edge recording. 

The above-mentioned explanation describes the result of 
study on the recording and reproducing property, on the 
assumption that a perpendicularly magnetized film made of 50 
(("id 0 ,.,l ; c 0 ,.,X>.K5Si,.. , j wilh a compensation temperature of 
140° C. and the Curie temperature of 180° C. is used as the 
first magnetic layer 1, a perpendicularly magnetized film 
made of Dyo.25Feo.75 with a compensation temperature of 55 
40° C. and the Curie temperature of 80° C. is used as the 
second magnetic layer 2, and a perpendicularly magnetized 
film made ol"fb l , , 7 (I'e. l , Nf; C'o i;i ,,),, -, with a compensation 
temperature of 160° C. and the Curie temperature of 260° C. 60 
is used as the third magnetic layer 3. However, it is possible 
to adopt a magnetic layer having another magnetic property. 

The following explanation describes a recording and 
reproducing property with regard to another example in 6J 
which a magnetic property varies for each of the magnetic 



For the disk No. 1-1, GdFeCo is adopted as the first 
magnetic layer whose Curie temperature, 260° C, is 
extremely high, and the temperature of a third magnetic 
layer 3 partially increases to more than the (uric tempera- 
ture so that a part of recorded information is erased; thus, it 
is not possible to obtain a favorable reproduced signal, and 
merely an extremely low CNR can be obtained. 

The disks No. 1-2 through 1-8 indicate that the CNR is 
measured when GdFe contains Si so as to vary the Curie 
temperature of the first magnetic layer 1. As indicated by the 
disk No. 1-2, in the case when GdFe is adopted as the first 
magnetic layer 1, the Curie temperature, 240° C, is 
extremely close to that of the third magnetic layer 3 so that 
a power margin for reproduction becomes narrow; however, 
a favorable CNR can be obtained. Further, with regard to the 
disk No. 1-8 which contains 30% Si, the Curie temperature 
is reduced to 120° C, a Kerr rotation angle of the first 
magnetic layer 1 becomes smaller, and the expansion of a 
domain also becomes smaller; thus, the intensity of the 
reproduced signal sharply declines, and the CNR becomes 
extremely low. 

According to the above-mentioned result, it is understood 
that the Curie temperature of the first magnetic layer 1 needs 
to be set at between 140° C. and 240° C. 

Next, the disks No. 1-9 through 1-16 indicate the CNR 
which is measured when the percentage of Si is kept at 15%, 
a ratio of Gd and Fe is changed, and the compensation 
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temperature of the first magnetic layer 1 is also changed. In 
the table 1, "NE" means that no compensation temperature 

It is understood that a favorable CNR can be obtained 
with regard to the disks No. 1-10 through 1-15; meanwhile, 
the CNRs of the disks No. 1-9 and No.1-16 are extremely 
low. This is because the compensation temperature of the 
first magnetic layer 1 is apart from the reproducing tem- 
perature; thus, total magnetization of the first magnetic layer 
1 becomes larger, and the first magnetic layer 1 is magne- 
tostatically coupled to a leakage flux appearing in the third 
magnetic layer 3 so as to prevent a domain wall from 
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layer 2 is allowed to vary in accordance with a composition 
adjustment so as to form a magneto-optical disk, and then 
the recording and reproducing property is studied. Table 2 
shows aresult of measuring a CNR for a 0. 1 tim mark length 
in the case when a composition, a compensation 
temperature, and a Curie temperature vary in the second 
magnetic layer 2. Additionally, the measurement is carried 
out by adjusting the reproducing power for each disk in 
i° order to prevent a reduction in the CNR at the mark length 
of 0.3 //m, namely, lo prevent a repetition of reproduction 
caused by a domain wall shifting from the rear end. 



COMPENSATION 



D.2-1 Tb o . K (Fe :i95 Co a05 ) 0 . 70 

3.2-2 Tb 023 Fe 075 

D. 2-3 (Tb 0 . 25 Fe 0 . 75 ) 055 Si 0 . 05 

D. 2-4 (Tb 0 . 25 Fe 0 . 75 ) 050 Si 0 . 10 

D. 2-5 (Tb 0 . 25 Fc 175 )n.B S Si ul5 

D. 2-6 (Tb 0 . 25 Fe 175 ) 0 .snSin.,„ 

D. 2-7 (Tb 0 . 25 Fe 1 ,, 5 )o.,' 5 Si u .;. s 

D. 2-8 (rb 0 .25Fe a75 ) 0 . 70 Si a 3 0 



shifting on an area whose temperature increases to more 
than the Curie temperature in the second magnetic layer 2, 30 
resulting in an increase in the noise level. 

Here, the first magnetic layer 1 of the disk No. 1-9 enters 
a state of in-plane magnetization at room temperature and a 
state of perpendicular magnetization at 80° C, due to an 3J 
increase in the total magnetization. Until the temperature 
reaches the Curie temperature, 165° C, unlike the compen- 
sation composition in which magnetic moment of a rare- 
earth metal(RE) and magnetic moment of a transition metal 
(TE) balance each other, the first magnetic layer 1 of the disk 40 
No. 1-9 has a magnetic film of a RErich composition, in 
which the magnetic moment of the rare-earth metal(RE) is 
normally larger. 

The disk No. 1-10 has smaller total magnetization as 45 
compared with the disk No. 1-9 so as to normally enter a 
state of perpendicular magnetization at a temperature rang- 
ing from 25° C. to the Curie temperature, 171° C. Further, 
the disk No. 1-10 has a magnetic film of a RErich compo- 

By comparison of the CNRs of No. 1-9 and No. 1-10, it 
is understood that the first magnetic layer 1 is preferably in 
a state of perpendicular magne tization when the compensa- 
tion temperature is at 25° C. or more and the first magnetic 55 
layer 1 preferably has the RErich composition until the 
temperature of the first magnetic layer 1 reaches the Curie 
temperature. Further, by comparison of the CNRs of No. 
1-15 and No. 1-16, it is understood that with regard to the 60 
first magnetic layer 1, the compensation temperature is 
preferably set at -60° C. or more. 

EXAMPLE 3 

65 

With regard to a magneto-optical recording medium of the 
example 1, a merely magnetic property of a second magnetic 



Here, a ratio of a rare-earth metal and a transition metal 
is kept at a certain ratio in the second magnetic layer 2 so 
that the compensation temperature of the second magnetic 
layer 2 is normally kept at 40° C. Further, "NE" of the 
column of the compensation temperature means that no 
compensation temperature exists due to a decrease in the 
Curie temperature. Moreover, the Curie temperature of the 
second magnetic layer 2 is adjusted hy including a material 
selected from Co and Si. 

With regard to the disks No. 2-2 through 2-7, favorable 
CNRs are obtained. II is found that a domain is expanded 
and reproduced in the first layer 1 without causing any 

With regard to (he disk No. 2-1, a difference between the 
Curie temperatures of the second magnetic layer 2 and the 
first magnetic layer 1 is small. The Curie temperature of the 
second magnetic layer 2 is extremely high, 165° C, and the 
Curie temperature of the first magnetic layer 1 is 180° C. 
Therefore, few regions are allowed to expand a domain so 
that any effects of expanding and reproducing a domain are 
not offered at all; thus, the CNR is reduced. For this reason, 
it is understood that the Curie temperature of the second 
magnetic layer 2 is preferably set at not more than 140° C. 
Therefore, when the first magnetic layer 1 has a Curie 
temperature(1 80° C.) of Tel and the second magnetic layer 
2 has a Curie temperature of Tc2, it is desirable that Tel and 
Tc2 satisfy the following relationship: 
Tc2STcl-40° c. 

Moreover, the Curie temperature of the disk No. 2-8 is 
extremely low, 25° C, resulting in an unstable exchange 
coupling of the first magnetic layer 1 and the third magnetic 
layer 3, and a domain is not stably expanded and reproduced 
at an ambient temperature so that the CNR is reduced. For 
this reason, it is understood that the Curie temperature of the 
second magnetic layer 2 is preferably set at 40° C. or more. 
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EXAMPLE 4 

With regard to a magneto-optical recording medium of the 
example 1, a merely magnetic property of a third magnetic 
layer 3 is allowed to vary in accordance with a composition 
adjustment so as to form a magneto-optical disk, and then 
the recording and reproducing property is studied. Table 3 
shows a result of measuring a CNR for a 0.1 fan mark length 
in the case when a composition, a compensation 
temperature, and a Curie temperature vary in the third 
magnetic layer 3. Additionally, for an optimal recording, the 
measurement is carried out by adjusting the reproducing 
power for each disk so as to prevent a reduction in the CNR 
at the mark length of 0.3 fan, namely, to prevent a repetition 
of reproduction caused by a domain wall shifting from the 
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netic layer 3 is erased, resulting in degradation in the CNR. 
For this reason, in the case when the first magnetic layer 1 
has a Curie temperature of Tel and the third magnetic layer 
3 has a Curie temperature of Tc3, it is desirable that Tel and 
lc3 satisfy at least the following relationship: 



Next, with regard to the disks No.3-7 through 3-12, the 
contents of Fe and Co are kept at certain percentages and the 

10 ratio of the rare-earth metal content and the transition metal 
content varies so as to change the compensation tempera- 
ture. The compensation temperature "NE" of the disk 
No.3-7 means that no compensation temperature exists and 
a RErich composition is maintained until the temperature 

15 reaches the Curie temperature. 

The CNRs of the disks No.3-7 and No.3-12 are extremely 
low. This is because the compensation temperature of the 



NO. 3-1 Tb 027 (Fe 075 Co 0 23 ) 0 73 160 325 41.0dR 

NO. 3-2 IN l t 160 300 41.0dB 

NO. 3-3 Tb 027 (Fe 0 83 Co 017 ) 073 160 285 40.8dB 

NO. 3-4 Tb 02 ,(Fe 088 Co ul2 ) 0 /3 160 260 40.8dB 

NO. 3-5 Tb 027 (Fe 094 Co 006 ) 0 73 160 205 40.7dB 



NO. 3-6 Tb 027 Fe 073 
NO. 3-7 Tb 0 32 (Fe 0 88 Co 0 12 ) 0 e 
NO. 3-8 Tb 0 29 (Fe 0 88 Co 0 12 ) 0 7 



Tb 024 (Fe 088 Co 012 ) 078 50 265 40.0dB 

Tb 021 (Fe 088 Co 012 ) 079 -40 275 39.3dB 

Tb 028 (Fe 088 Co 012 ) 082 -120 280 29.2dB 



With regard to the disks No. 3-1 through No. 3-6, a ratio 
of a rarc-carth metal and a transition metal is kept at a certain 
ratio in the third magnetic layer 3, and a ratio of Fe and Co 
varies so as to change a Curie temperature with a fixed 
compensation temperature of 160° C. 

In the disk No.3-1, a high CNR of 41 dB is obtained; 
however, when a measurement is carried out again after a 
record has been erased 10,000 times, a CNR of merely 20 dB 
is obtained. This is because the third magnetic layer 3 of the 
disk No.3-1 has a high Curie temperature of 325° C. and the 
temperature of each magnetic layer increases to at least 325° 
C. due to the erasing of records, resulting in degradation in 
a magnetic property of each of the magnetic layers. In 
contrast, with regard to the disk No. 3-2 in which the third 
magnetic layer 3 has a Curie temperature of 300° C, the 
same CNR can be obtained even after a record has been 
erased 10,000 times. For this reason, it is understood that the 
Curie temperature of the third magnetic layer 3 is preferably 
set at not more than 300° C. 

Further, the disk No. 3-6 has a small CNR. This is because 
the third magnetic layer 3 has a small Curie temperature of 
180° C. Namely, in the magneto-optical recording medium 
of the present invention, at least a part of the first magnetic 
layer 1 needs to increase the temperature to more than the 
Curie temperature upon reproducing. Here, the Curie tem- 
perature of the first magnetic layer 1 is f 80° C. so that the 
temperature of a part of the third magnetic layer 3 also rises 
to more than the Curie temperature upon reproducing. 
Therefore, a part of information recorded in the third mag- 
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third magnetic layer 3 is apart from the reproducing tem- 
perature so that total magnetization of the third magnetic 
layer 3 becomes larger; accordingly, a leakage flux appear- 

40 ing in the third magnetic layer 3 becomes larger so as to 
prevent a domain wall from shifting in the first magnetic 
layer, resulting in a noise increase of the reproduced signal 
and a degradation in the CNR. 

For this reason, in the case when the third magnetic layer 

45 3 has a compensation temperature of Tcomp3 and a Curie 
temperature of Tc3, it is desirable that Tcomp3 and Tc3 
satisfy the following relationship: 

-40° C.§TcDmpi<TL'i. 

[Second Embodiment] 

The following explanation describes the detail of a 
magneto-optical recording medium in accordance with the 
present embodiment. In the first embodiment, a magnetic 

55 property of a third magnetic layer 3 is ad justed and a leakage 
flux appearing in the third magnetic layer 3 is reduced so as 
to realize a smooth shift of a domain wall in a first magnetic 
layer 1. Meanwhile, in the present embodiment, as shown in 
FIG. 9, a fourth magnetic layer 19 and a fifth magnetic layer 

60 20, whose magnetic polarities are different from each other, 
are stacked instead of the third magnetic layer 3. The fourth 
magnetic layer 19 and the fifth magnetic layer 20 form a 
recording layer. With this arrangement, it is possible to 

65 reduce a leakage flux appearing in the fourth magnetic layer 
19 and the fifth magnetic layer 20 and to realize a smooth 
shift of a domain wall in the first magnetic layer 1. 
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FIG. 10 is an expanded seel ional \ lev. showing merely the 
fourth magnetic layer 19 and the fifth magnetic layer 20 of 
FIG. 9. Referring to FIG. 10, the following explanation 
describes a state in which a leakage flux is reduced. In FIG. 
10, the fourth magne tic layer 19 is made of a perpendicularly 
magnetized film which continuously maintains a RErich 
composition from room temperature to the Curie 
temperature, and the TM moment and total magnetization 
are arranged in parallel in the opposite direction from each 
other. Meanwhile, the fifth magnetic layer 20 is made of a 
perpendicularly magnetized film which continuously main- 
tains a TMrich composition from room temperature and to 
the Curie temperature, and the TM moment and total mag- 
netization are arranged in parallel in the same direction from 
each other. 

Here, the fourth magnetic layer 19 is stacked on the fifth 
magnetic layer 20 so that an exchange coupling force allows 
the TM moment directions of both layers to be aligned in 
parallel in the same direction. In litis case, the total magne- 
tization of the fourth magnetic layer 19 and the total mag- 
netization of the fifth magnetic layer 20 are arranged in 
parallel in the opposite direction from each other. The entire 
amount of the total magnetization of the layers serves as a 
leakage flux appearing in the fourth magnetic layer 19 and 
the fifth magnetic layer 20. Since the total magnetization of 
the fourth magnetic layer 19 and the total magnetization of 
the fifth magnetic layer 20 cancel each other, it is possible 
to realize a state in which little leakage flux exists and to 
realize a smooth shift of a domain wall in the first magnetic 
layer 1. 

Next, referring to figures, the following explanation 
describes a case in which a magneto-optical disk, which uses 
the magneto-optical recording medium of the second 
embodiment of the present invention, is adopted. 

As shown in FIG. 11, the magneto-optical medium of the 
present embodiment has a construction in which a transpar- 
ent dielectric protecting layer 14, the first magnetic layer 1, 
a second magnetic layer 2, the fourth magnetic layer 19, the 
fifth magnetic layer 20, and a protecting layer 15 are 
successively formed on a magneto-optical disk substrate 13. 

Further, with regard to the substrate 13, the transparent 
dielectric protecting layer 14, the first magnetic layer 1, the 
second magnetic layer 2, and the protecting layer 15 of the 
second embodiment, it is possible to adopt the same mate- 
rials described in the first embodiment. 

l*he fourth magnetic layer 19 and the fifth magnetic layer 
20 are perpendicularly magnetized films made of alloys of 
rare-earth transition metals, and the Curie temperatures of 
those layers are set higher than those of the first magnetic 
layer 1 and the second magnetic layer 2. Further, in order to 
reduce a leakage flux, the fourth magnetic layer 19 and the 
fifth magnetic layer 20 have different magnetic polarities 
from each other. 

Namely, in the case when a perpendicularly magnetized 
film having a RErich composition made of an alloy of 
rare-earth transition metals is adopted as the fourth magnetic 
layer 19, it is necessary to adopt a perpendicularly magne- 
tized film having a TMrich composition made oi an alii iy of 
rare-earth transition metals as the fifth magnetic layer 20; 
meanwhile, in the case when a perpendicularly magnetized 
film having a TMrich composition made of an alloy of 
rare-earth transition metals is adopted as the fourth magnetic 
layer 19, it is necessary to adopt a perpendicularly magne- 
tized film having a RErich composition made of an alloy of 
rare-earth transition metals as the fifth magnetic layer 20. 

Moreover, in order to effectively reduce the leakage flux, 
it is desirable to set the Curie temperatures of the fourth 
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magnetic layer 19 and the fifth magnetic layer 20 at virtually 
the same temperature. Here, it is desirable to set Curie 
temperatures Tc4 and Tc5 of the fourth magnetic layer 19 
and the fifth magnetic layer 20 at between 180° C. and 300° 
5 C. 

If the Tc4 and the Tc5 are less than 180° C, the Curie 
temperatures of the fourth magnetic layer 19 and the fifth 
magnetic layer 20 become too low. Therefore, upon 
reproducing, when the first magnetic layer 1 is heated at 
1Q more than the Curie temperature, a slight increase in tem- 
perature allows the medium to be heated to more than the 
Curie temperatures of the fourth magnetic layer 19 and the 
fifth magnetic layer 20 so that recorded information is erased 
and a power margin for reproduction becomes extremely 

15 Further, if the Tc4 and Tc5 exceed 300° C, it is necessary 
to heal the fourth magnetic layer 19 and the fifth magnetic 
layer 20 at 300° C. or more for recording, resulting in 
considerable degradation in sensitivity for recording. At the 
same time, the first magnetic layer 1, the second magnetic 

20 layer 2, the fourth magnetic layer 19, and the fifth magnetic 
layer 20 are heated at 300° ('. or more, resulting in degra- 
dation in a magnetic property of each of the layers and 
degradation in a reproduced signal upon erasing records. 
Moreover, it is desirable to set a total film thickness of the 

;5 fourth magnetic layer 19 and the fifth magnetic layer 20 at 
between 10 nm and 80 nm. If the total film thickness is less 
than 10 nm, it becomes difficult to record in a stable manner, 
a record noise increases, and quality of a reproduced signal 
is degraded. Additionally, if the total film thickness exceeds 

3Q 80 nm, sensitivity for recording is considerably degraded 
due to an increase in the film thickness. 

As the fourth magnetic layer 19 and the fifth magnetic 
layer 20, it is possible to adopt perpendicularly magnetized 
films made of materials selected from TbFc, TbFcCo, DyFc, 

35 DyFeCo, TbDyFe, and TbDyFeCo. 

Further, in the present embodiment, it is merely necessary 
to arrange a magnetic polarity of the fourth magnetic layer 
19 which is different from that of the fifth magnetic layer20. 
The fourth magnetic layer 19 and the fifth magnetic layer 20 
are allowed to be formed in a reversed procedure described 
in FIG. 11. 

Moreover, in the above-mentioned arrangement, a ther- 
mal diffusion metal layer made of materials selected from 
Al, AlTa, AITi, AlCr, AINi, AICo, and Cu, etc. is added on 
the protecting layer 15 so that it is possible to improve a 
thermal property of the medium. Further, in some cases, it is 
possible to form an ultraviolet cine resin, a thermosetting 
resin, or a lubricating layer on the protecting layer 15 or the 
thermal diffusion metal layer. 
50 Additionally, in order to record in a lower magnetic field, 
it is possible to stack an auxiliary recording layer being 
contact with one of the fourth magnetic layer 19 and the fifth 
magnetic layer 20 that has a higher Curie temperature than 
the other. The auxiliary recording layer has a smaller coer- 
civity and a higher Curie temperature as compared with the 
layer. As the auxiliary recording layer, for example, it is 
possible to adopt a perpendicularly magnetized film made of 
materials selected from GdFeCo, GdTbFeCo, and GdDv- 
FeCo. 

6Q Next, the following explanation describes an example of 
a forming method and a recording and reproducing method 
of the magneto-optical disk which has the above-mentioned 
arrangement. 

EXAMPLE 5 
65 (1) Forming Method of a Magneto-optical Disk 

Firstly, in the same manner as the example 1, a transparent 
dielectric protecting layer 14 made of A1N with a film 
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thickness of 80 am, a first magnetic layer 1 made of 
(Gd 0 27 Fe 0 73 ) 0 85 Si Cl 15 with a film thickness of 40 nm, and 
a second magnetic layer 2 made of Dy 0 .25F e o.75 with a film 
thickness of fO nm are formed on a substrate 13. 

Next, electricity is applied to a first alloy target of 
TbFeCo, and under the condition of gas pressure of 4xl0~ 3 
Torr, a fourth magnetic layer 19 made of Tb 0 20 
(Fe 0 90 Co 0 10 ) 0 80 is formed on the second magnetic layer 2 
with a film thickness of 15 nm. The fourth magnetic layer 19 
is a perpendicularly magneli/ed lilm which has a coercivity 
of 640 kA/m at room temperature and a Curie temperature 
of 270° C, and which continuously maintains a TMrich 
composition from room temperature to the Curie 
temperature(270° C). 

Successively, electricity is applied to a second alloy target 
of TbFeCo, and under the condition of gas pressure of 
4xl0" 3 Torr, a fifth magnetic layer 20 made of Tb 0 ., 0 
(Fe 0 87 Co 0 13 ) 0 vo is formed on the fourth magnetic layer 19 
with a film thickness of 15 nm. The fifth magnetic layer 20 
is a perpendicularly magnetized lilm which has a coercivily 
of 400 kA/m at room temperature and a Curie temperature 
of 255° C, and which continuously maintains a RErich 
composition from room temperature to the Curie 
temperature(255° C). 

Next, in the same manner as the example 1, a protecting 
layer 15 made of A1N is formed on the fifth magnetic layer 
20 with a film thickness of 20 nm. 
(2) Recording and Reproducing Properly 

The following explanation describes an evaluation result, 
in which the magneto-optical disk is evaluated by using a 
magneto-optical pickup which adopts a semiconductor laser 
having a wavelength of 680 nm, under the condition of a 
linear speed of 2.5 m/s. 

Firstly, a recording magnetic field is modulated at ±15 
kA/m so that repeated patterns of upward magnetization and 
downward magnetization are formed on the fourth magnetic 
layer 19 and the fifth magnetic layer 20 in accordance with 
the direction of the recording magnetic Held, under a con- 
tinuous irradiation of a recording/reproducing laser of 6.5 
mW. A modulation frequency is changed in the recording 
magnetic field so that a domain pattern having a mark length 
between 0.1 and 0.5 /«n is recorded. Here, the mark length 
means that the recording domain whose length corresponds 
to the mark length is formed with a pitch which is twice as 
long as the mark length. 

Next, a measurement is made under a continuous irradia- 
tion of the recording reproducing laser of 1.8 mW. FIG. 12 
shows a dependence on the mark length with regard to a 
CNR(Carrier to Noise Ratio). Additionally, as the example 
5, FIG. 12 shows the result of the magneto-optical disk 
formed in the above-mentioned procedure. Further, for 
comparison, without using the fifth magnetic layer 20. FIG. 
12 shows a CNR of a magneto-optical disk in which a film 
thickness of the fourth magnetic layer 19 is 30 nm, as a 
comparative example 5(the magneto-optical disk in accor- 
dance with the invention described in the lirsl embodiment). 

In the example 5, the fourth magnetic layer 19 and the 
fifth magnetic layer 20, whose polarities are different from 
each other, are stacked so that a leakage flux is reduced and 
a CNR of not less than 40 dB is obtained at a mark length 
ranging front 0.1 to 0.5 //in as in the case of lite example 1. 
Meanwhile, in the comparative example 5, it is possible to 
obtain merely a CNR smaller than that of the example 5. 

This is because in the magneto-optical recording medium 
of the comparative example 5, a perpendicularly magnetized 
film having a TMrich composition is adopted as the fourth 
magnetic layer 19 without using the fifth magnetic layer 20 
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so as to increase a leakage flux appearing in the fourth 
magnetic layer 19 and to prevent a domain wall from 
smoothly shifting in the first magnetic layer 1. 

This phenomenon considerably tends to appear when the 

5 mark length is short. This is because when a domain period 
recorded on the fourth magnetic layer 19 is short, an inverse 
period of a leakage flux, which appears in the fourth 
magnetic layer 19, becomes shorter as well so that a shift of 
a domain wall is greatlv affected in the lirsl magnetic laver 

io 1 

[Third Embodiment] 

The following explanation describes the detail of a 
magneto-optical recording medium in accordance with the 
third embodiment of the present invention. In the first 
embodiment, a magnetic property of a third magnetic layer 

15 3 is adjusted and a leakage flux appearing in the third 
magnetic layer 3 is reduced so as to realize a smooth shift of 
a domain wall in a first magnetic layer. In contrast, in the 
present embodiment, as shown in FIG. 13, a sixth magnetic 
layer 21 and a seventh magnetic layer 22, which have 

:u different magnetic polarities, are slacked instead of lite first 
magnetic layer 1 so as to serve as a reproducing layer. 

With this arrangement, total magnetization of the sixth 
magnetic layer 21 and the seventh magnetic layer 22 are 
arranged in parallel in the opposite direction from each 

25 oilier; thus, ii is possible to reduce influence, which is 
exerted by a leakage flux appearing in the third magnetic 
layer 3 or a leakage flux appearing in an optical pickup, etc. 
on a domain wall shifting in ihe sixth magnetic layer 21 and 
the seventh magnetic layer 22, and it is further possible to 

30 realizes a smooth shift of a domain wall in the sixth 
magnetic layer 21 and the seventh magnetic layer 22. 

FIG. 14 is an expanded sectional view showing merely the 
sixth magnetic layer 21 and the seventh magnetic layer 22 of 
FIG. 13. Referring to FIG. 14, the following explanation 

35 describes a state in which influence of a leakage flux is 
reduced. In FIG. 14, the sixth magnetic layer 21 is made of 
a perpendicularly magnetized film which continuously 
maintains a RErich composition from room temperature to 
the Curie temperature. The TM moment and total magneti- 

40 zation are arranged in parallel in the opposite direction from 
each other. 

Meanwhile, the seventh magnetic layer 22 is made of a 
perpendicularly magnetized film which continuously main- 
tains a TMrich composition from room temperature and to 

45 the Curie temperature, and the TM moment and total mag- 
netization are arranged in parallel in the same direction. 

Here, the sixth magnetic layer 21 is stacked on the seventh 
magnetic layer 22 so that an exchange coupling force allows 
the TM moment directions of both layers to be aligned in 

50 parallel in the same direction. In this case, the total magne- 
tization of the sixth magnetic layer 21 and the total magne- 
tization of the seventh magnetic layer 22 are arranged in 
parallel in the opposite direction from each other. A leakage 
flux appearing in the third magnetic layer 3 or the pickup, 

55 etc. is magnetostatically coupled to the total magnetization 
of the layers so as to give an influence on a domain wall 
shifting in the sixth magnetic layer 21 and the seventh 
magnetic layer 22. However, the total magnetization of the 
sixth magnetic layer 21 and the total magnetization of the 

60 seventh magnetic layer 22 are arranged in parallel in the 
opposite direction from each other so that influences, which 
are exerted by magnetostatic couplings to the leakage fluxes, 
are balanced with each other; therefore, it is possible to 
realize a smooth shift of a domain wall in the sixth magnetic 

65 layer 21 and the seventh magnetic layer 22. 

Additionally, in the reproduction of the magneto-optical 
recording medium of the present embodiment, an optical- 
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beam irradiating means of a reproducing apparatus irradiates 
a light beam, which is intensive enough to heat the sixth 
magnetic layer 21 and the seventh magnetic layer 22 to more 
than the Curie temperature. The intensity of the light beam 
is controlled by a controlling means of the reproducing 
apparatus. 

Next, referring to figures, the following explanation 
describes a case in which the magneto-optical recording 
medium of the present embodiment is used for a magneto- 
optical disk. 

As shown in FIG. 15, the magneto-optical medium of the 
present embodiment has a construction in which a transpar- 
ent dielectric protecting layer 14, the sixth magnetic layer 
21, the seventh magnetic layer 22, a second magnetic layer 
2, the third magnetic layer 3, and a protecting layer 15 are 
successively formed on a magneto-optical disk substrate 13. 

With regard to the substrate 13, the transparent dielectric 
protecting layer 14, the second magnetic layer 2, the third 
magnetic layer 3, and the protecting layer 15 of the third 
embodiment, it is possible to adopt the same materials 
described in the first embodiment. 

Each of the sixth magnetic layer 21 and the seventh 
magnetic layer 22 is a perpendicularly magnetized film 
made of an alloy of rare earth transition metals having a 
relatively smaller domain wall coercivity and a larger 
domain wall mobility than those of the third magnetic layer 
3 around a reproducing temperature. Assuming that the sixth 
magnetic layer 21, the seventh magnetic layer 22, the second 
magnetic layer 2, and the third magnetic layer 3 respectively 
have Curie temperatures of Tc6, Tc7, Tc2, and Tc3, Tc6, Tc7, 
Tc2, and Tc3 are arranged so as to satisfy a condition of 
Tc2<Tc6~Tc7<Tc3. Further, the total magnetization of the 
sixth magnetic layer 21 and the total magnetization of the 
seventh magnetic layer 22 are arranged in parallel in the 
opposite direction from each other, and the magnetic polari- 
ties of the sixth magnetic layer 21 and the seventh magnetic 
layer 22 are arranged so as to be different from each other. 

Namely, in the case when a perpendicularly magnetized 
film having a RErich composition made of an alloy of rare 
earth transition metals is adopted as the sixth magnetic layer 
21, it is necessary to adopt a perpendicularly magnetized 
film having a TMricli composition made of an alloy of rare 
earth transition metals, as the seventh magnetic layer 22; 
meanwhile, in the case when a perpendicularly magnetized 
film having a TMrich composition made of an alloy of rare 
carlh transition metals is adopted as I he sixth magnetic layer 
21, it is necessary to adopt a perpendicularly magnetized 
film having a RErich composition made of an alloy of rare 
earth transition metals, as the seventh magnetic layer 22. 

Moreover, in order to effectively reduce the influence of 
the leakage flux thai is exerted on a shift of a domain wall, 
it is desirable to set the Curie temperatures Tc6 and Tc7 of 
the sixth magnetic layer 21 and the seventh magnetic layer 
22 at virtually the same temperature. Here, it is desirable to 
set Curie temperatures Tc6 and Tc7 of the sixth magnetic 
layer 21 and the seventh magnetic layer 22 at between 140° 
C. and 240° C. 

In the case of Tc6, Tc7<140° C, the Curie temperatures 
of the sixth magnetic layer 21 and the seventh magnetic 
layer 22 become low; accordingly, a Kerr rotation angle is 
considerably reduced and intensity of a reproduced signal is 
also reduced so that a favorable reproducing property cannot 
be obtained. 

In the case of Tc6, Tc7>240° C, upon reproducing, it is 
necessary to partially heat the sixth magnetic layer 21 and 
the seventh magnetic layer 22 at more than 240° C. by 
irradiating an optical beam 4; therefore, a slight increase in 
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temperature allows the medium to be heated to more than the 
Curie temperature of the third magnetic layer 3 so that 
recorded information is erased and a power margin for 
reproduction becomes extremely narrow. 

5 Moreover, it is desirable to set a total film thickness of the 
sixth magnetic layer 21 and the seventh magnetic layer 22 at 
between 20 nm and 80 nm. If the total film thickness is less 
than 20 nm, the amount of transmitted light increases so that 
a favorable masking effect cannot be obtained, and the 

1Q intensity of a reproduced signal is reduced, resulting in a 
degradation in a reproducing property. Additionally, if the 
total film thickness cxcccels 80 nm, sensitivity for recording 
is considerably degraded due to an increase in the film 
thickness. 

15 As the sixth magnetic layer 21 and the seventh magnetic 
layer 22, it is possible to adopt a perpendicularly magnetized 
film which is made of materials selected from: GdFe and 
GdFeD or GdFeCoD(D is made of one or more elements 
selected from Y, Ti, V, Cr, Pd, Cu, Si, and Al), and GdHRFe, 

2Q GdHRFeCo, or GdHRFeCoD(HR is a heavy rare earth 
metal, and is made of one or more elements selected from 
Tb, Dy, Ho, and Er, and D is made of one or more elements 
selected from Y, Ti, V, Cr, Pd, Cu, Al, and Si), and GdLRFe, 
GdLRFeCo, or GdLRFeCoD(LR is a light rare earth metal, 
and is made of one or more elements selected from Ce, Pr, 
Nd, and Sm, meanwhile D is made of one or more elements 
selected from Y, Ti, V, Cr, Pd, Cu, Al, and Si). 

In the present embodiment, it is merely necessary to 
arrange a magnetic polarity of the sixth magnetic layer 21 so 

3Q as to be different from that of the seventh magnetic layer 22. 
The sixth magnetic layer 21 and the seventh magnetic layer 
22 can be formed in a reversed procedure described in FIG. 
15. 

Moreover, in the above-mentioned arrangement, a ther- 
mal diffusion metal layer made of materials selected from 
Al, AlTa, AITi, AlCr, AIM, AICo, and Cu is added so that it 
is possible to improve a thermal property of the medium. 
Further, in some cases, it is possible to form an ultraviolet 
cure resin, a thermosetting resin, or a lubricating layer on the 

4Q protecting layer 15 or the thermal diffusion metal layer. 
Additionally, in order to record in a lower magnetic field, 
it is possible to stack an auxiliary recording layer is in 
contact with the third magnetic layer 3 and has a smaller 
coercivity and a higher Curie temperature as compared with 

45 the third magnetic layer 3. As the auxiliary recording layer, 
for example, it is possible to adopt an perpendicularly 
magnetized film made of a perpendicularly magnetized film, 
which is made of materials selected from GdFeCo, 
GdTbFeCo, and GdDyFeCo. 

5o Next, the following explanation describes an example of 
a forming method and a recording and reproducing method 
of the magneto-optical disk which has the above-mentioned 
arrangement. 

EXAMPLE 6 
55 (1) Forming Method of a Magneto-optical Disk 

Firstly, in the same manner as the example 1, a transparent 
dielectric protecting layer 14 made of A1N is formed on a 
substrate 13 with a film thickness of 80 nm. 

Next, after a sputtering device has been evacuated to 
!>' 1 x 10~" Torr again, a gas of argon is filled tile rein, electricity 
is applied lo a first alloy target of GdFeSi, and under the 
condition of gas pressure of 4xl0" 3 Torr, a sixth magnetic 
layer 21 made of (Gdg 30 Fe 0 70 ) 0 89 Si 0 1± is formed on the 
transparent dielectric protecting layer 14 with a film thick - 
65 ness of 20 nm. The sixth magnetic layer 21 is a perpendicu- 
larly magnetized film which has a coercivity of 8kA/m at 
room temperature and a Curie temperature of f80° C, and 
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which continuously maintains a RErich composition from 
room temperature to the Cunt temperature(180° C). 

Successively, electricity is supplied to the second GdFeSi 
alloy target, and a seventh magnetic layer 22 made of 
(Gd 0 21 Fe 0 79 ) 0 S3 Si Cl 17 is formed on the sixth magnetic layer 
21 with a film thickness of 20 nm, under the condition of a 
gas pressure of 4xl0~ 3 Torr. The seventh magnetic layer 22 
is a perpendicularly magnetized film which has a coercivity 
of 8 kA/m and a Curie temperature of 180° C. at room 
temperature, and which continuously maintains a TMrich 
composition from room temperature to the Curie 
temperature(180° C). 

And then, in the same manner as the example 1, a second 
magnetic layer 2 made of Dy 0 25 Fe 0 7S is formed on the 
seventh magnetic layer 22 with a film thickness of 10 nm. 
The second magnetic layer 2 is a perpendicularly magne- 
tized film with a compensation temperature of 40° C. and a 
Curie temperature of 80° C. 

Next, in the same manner as the example f, a third 
magnetic layer 3 made of'lly, ;7 ( he,, lSlS Co (i , ,) 0 73 is formed 
on the second magnetic layer 2 with a film thickness of 30 
nm. The third magnetic layer 3 is a perpendicularly mag- 
netized film with a compensation temperature of 1 60° ( '. and 

a Curie temperature of 260° C. 

And then, on the third magnetic layer 3, in the same 
manner as the example 1, a protecting layer 15 made of A1N 
is formed with a thickness of 20 nm. 
(2) Recording and Reproduction Property 

The following explanation describes an evaluation result, 
in which the magneto-optical disk is evaluated by using a 
magneto-optical pickup which adopts a semiconductor laser 
having a wavelength of 680 nm, under the condition of a 
linear speed of 2.5 m/s. 

Firstly, a recording magnetic field is modulated at ±15 
kA/m so that repeated patterns of upward magnetization and 
downward magnetization are formed in the third magnetic 
layer 3 in accordance with the direction of the recording 
magnetic field, under a continuous irradiation of a recording/ 
reproducing laser of 6.8 mW. Further, a modulation fre- 
quency is changed in the recording magnetic field so thai a 
domain pattern, which has a mark length between 0.1 and 
0.5 ftca, is recorded. Here, the mark length meaus that the 
recording domain whose length corresponds to the mark 
length is formed with a pitch which is twice as long as the 
mark length. 

Next, Willi regard to a CNR. a dependence on the mark 
length is measured under a continuous irradiation of a 
recording/reproducing laser of 2.0 mW. FIG. 16 shows the 
result as the example 6-1. 

For comparison, with the arrangement of the example 6, 
FIG. 16 shows a CNR of a magneto-optical disk in the case 
in which the film thickness of the sixth magnetic layer 21 is 
arranged at 40 nm without disposing the seventh magnetic 
layer 22, as the comparative example 6-l(an example of the 
invention of the first embodiment). 

Further, on the assumption that a leakage flux appears 
from an optical pickup, the example 6-2 and the comparative 
example 6-2(an example of the invention of the first 
embodiment) respectively show results of measurement on 
CNRs of the example 6-1 and the comparative example 6-1 
under an existence of a fixed external magnetic field of +4 
kA/m. 

In the present embodiment, the third magnetic layer 3 as 
described in the example 1 is adopted as the third magnetic 
layer 3 so that it is possible to reduce a leakage flux 
appearing from the third magnetic layer 3. Therefore, as 
shown in the example 6-1 and the comparative example 6-2, 
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in a state in which the fixed external magnetic field does not 
exist, a favorable CNR can be obtained regardless of 
whether the seventh magnetic layer 22 exists or not. 

However, in the case when the fixed external magnetic 

5 field is applied, as shown in the comparative example 6-2, in 
the magneto-optical recording medium which is not pro- 
vided with the seventh magnetic layer 22, it is possible to 
obtain merely a CNR which is considerably lower than that 
of the comparative example 6-1 with regard to each of the 

i' mark lengths. Meanwhile, in the magneto-optical recording 
medium which is provided with the seventh magnetic layer 
22, as shown in the example 6-2, it is possible to obtain a 
CNR which is as favorable as that of the example 6-1 and to 
achieve stability for reproduction with regard to the fixed 

15 external magnetic field. 
[Fourth Embodiment] 

FIG. 17 shows magnetization of a magneto-optical 
recording medium in accordance with a fourth embodiment 
of the present invention. In the present embodiment, the 

20 magnelo-oplical recording medium has a construction in 
which the second embodiment is combined with the third 
embodiment. 

Namely, a fourth magnetic lay cr 19 and a fifth magnetic 
layer 20, whose magnetic polarities are different from each 

25 other, are stacked so as to reduce a leakage flux appearing in 
the fourth magnetic layer 19 and the fifth magnetic layer 21); 
thus, it is possible to realize a smooth shift of a domain wall 
in the reading magnetic layers (the sixlh magnetic layer 21 
and the seventh magnetic layer 22). 

30 Further, a sixth magnetic layer 21 and a seventh magnetic 
layer 22, whose magnetic polarities are different from each 
other, are stacked so as to arrange total magnetization of the 
sixth magnetic layer 21 and total magnetization of the 
seventh magnetic layer 22 in parallel in the opposite direc- 

35 tion from each other; thus, it is possible to reduce an 
influence, which is exerted by a leakage Ilux appearing in the 
fourth magnetic layer 19 and the fifth magnetic layer 20 or 
a leakage flux appearing in an optical pickup, etc., onto a 
domain wall shifting in the sixth magnetic layer 21 and the 

40 seventh magnetic layer 22, and to realize a smooth shift of 
a domain wall in the sixth magnetic layer 21 and the seventh 
magnetic layer 22. 

Next, referring to figures, the following explanation 
describes a case in which the magneto-optical recording 

45 medium of the present embodiment is adopted for a 
magneto-optical disk. 

As shown in FIG. 18, the magneto-optical medium of the 
present embodiment has a construction in which a transpar- 
ent dielectric protecting layer 14, the sixth magnetic layer 

50 21, the seventh magnetic layer 22, a second magnetic layer 
2, file fourth magnetic layer 19, tile fifth magnetic layer 20, 
and a protecting layer 15 are successively formed on a 
magneto-optical disk substrate 13. 

Further, with regard to the substrate 13, the transparent 

55 dielectric protecting layer 14, the sixth magnetic layer 21, 
the seventh magnetic layer 22. the second magnetic layer 2. 
the fourth magnetic layer 19, the fifth magnetic layer 20, and 
the protecting layer 15 of the present embodiment, it is 
possible to adopt the same materials described in the second 

60 and third embodiments. 

In the present embodiment, it is merely necessary to 
arrange a magnetic polarity of the fourth magnetic layer 19 
so as to be different from that of the fifth magnetic layer 20. 
The fourth magnetic layer 19 and the fifth magnetic layer 20 

65 can be formed in a reversed procedure described in FIG. 18. 
In the present embodiment, it is merely necessary to 
arrange a magnetic polarity of file sixth magnetic layer 21 so 



6,15 

27 

as to be different from that of the seventh magnetic layer 22. 
The sixth magnetic layer 21 and the seventh magnetic layer 
22 can be formed in a reversed procedure described in FIG. 
18. 

Moreover, in the above-mentioned arrangement, a ther- 
mal diffusion metal layer made of materials selected from 
Al, AlTa, Affi, AlCr, AINi, AICo, and Cu is added on the 
protecting layer 15 so that it is possible to improve a thermal 
properly of the medium. Further, in some eases, il is possible 
to form an ultraviolet cure resin, a thermosetting resin, or a 
lubricating layer on the protecting layer 15 or the thermal 
diffusion metal layer. 

Additionally, in order to record in a lower magnetic field, 
il is possible to slack an auxiliary recording layer being 
contact with one of the fourth magnetic layer 19 and the fifth 
magnetic layer 20 that has a higher ( 'uric temperature than 
the other. The auxiliary recording layer has a smaller coer- 
civity and a higher Curie temperature as compared with the 
layer. As the auxiliary recording layer, for example, it is 
possible to adopt a perpendicularly magnetized film which is 
made of materials selected from GdFeCo, GdTbFeCo, and 
GdDyFeCo. 

Next, the following explanation describes an example of 
a forming method and a recording and reproducing method 
of the magneto-optical disk which has the above-mentioned 
arrangement. 

EXAMPLE 7 

(1) Forming Method of a Magneto-optical Disk 

The following explanation discusses a forming method of 
a magneto-optical disk having the above-mentioned con- 
Firstly, in the same manner as the example 6, a transparent 
dielectric protecting layer 14 made of A1N with a film 
thickness of 80 nm, a sixth magnetic layer 21 made of 
(Gd 0 30 Fe 0 70 ) 0 89 Si 0 n with a film thickness of 20 nm, and 
a seventh magnetic layer 22 made of (Gd 0 21 Fe 0 79 ) 0 83 Si 0 17 
with a film thickness of 20 nm, and a second magnetic layer 
2 made of l)y 0 25 l ; e 075 with a film thickness of 10 nm arc 
formed on a substrate 13. 

Next, in the same manner as the example 5, a fourth 
magnetic layer 19 made of Tb 0 20 (Fe 0 90 Co 0 10 ) 0 80 with a 
film thickness of f5 nm, a fifth magnetic layer 20 made of 
TO 0 30 (Fe o g7 Co 0 o ) 0 7n w ilh a film thickness of 15 nm. and 
a protecting layer 15 made of A1N with a film thickness of 
20 nm are formed. 

(2) Recording and Reproducing Property 

The following explanation describes an evaluation result, 
in which the magneto-optical disk is evaluated by using a 
magneto-optical pickup which adopts a semiconductor laser 
having a wavelength of 680 nm, under the condition of a 
linear speed of 2.5 m/'s. 

Firstly, a recording magnetic field is modulated at ±15 
kA'm so that repeated patterns of upward magnetization and 
downward magnetization are formed in the fourth magnetic 
layer 19 and the fifth magnetic layer 20 in accordance with 
the direction of the recording magnetic field, under a con- 
tinuous irradiation of a recording/reproducing laser of 7.1 
mW. Moreover, a modulation frequency is changed in the 
recording magnetic field so that a domain pattern, which has 
a mark length between O.f and 0.5 fim, is recorded. Here, the 
mark length means that the recording domain whose length 
corresponds to the mark length is formed with a pitch which 
is twice as long as the mark length. 

Next, a CNR is measured while the recording/reproducing 
laser is continuously irradiated at 2.2 mW. FIG. 19 shows the 
dependence on the mark length as the example 7-1. Further, 
for comparison, FIG. 19 shows a CNR of the magneto- 
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optical disk of Example 7 that is provided with the sixth 
magnetic layer 21 having a film thickness of 40 nm without 
disposing the seventh magnetic layer 22, as the comparative 
example 7-1 (one example of the invention of the second 
5 embodiment). 

Further, on the assumption that a leakage flux appears 
from the optical pickup, the example 7-2 and the compara- 
tive example 7-2 respectively show results of measurement 
on CNRs of the example 7-1 and the comparative example 
7-1 under an existence of a fixed external magnetic field of 
+4kA/m. 

In the present embodiment, in the same manner as the 
example 5, the fourth magnetic layer 19 and the fifth 
magnetic layer 20, whose magnetic polarities are different 
from each other, are adopted so that it is possible to reduce 
15 a leakage flux appearing in the fourth magnetic layer 19 and 
the fifth magnetic layer 20. Therefore, as shown in the 
example 7-1 and the comparative example 7-2, in a state in 
which the fixed external magnetic licld docs nol exist, a 
favorable CNR can be obtained regardless of whether the 

However, in the case when the fixed external magnetic 
field is applied, as shown in the comparative example 7-2, in 
the magneto-optical recording medium which is not pro- 
vided with the seventh magnetic layer 22, it is possible to 

25 obtain merely a CNR which is considerably lower than that 
of the comparative example 7-1 with regard to each of the 
mark lengths; thus, it is understood that in the case when the 
seventh magnetic layer 22 is not provided, it is not possible 
to achieve stability for reproduction with regard to the fixed 

30 external magnetic field. 

Meanwhile, in a magneto-optical recording medium 
which is provided with the seventh magnetic layer 22, as 
shown in the example 7-2, it is possible to obtain a CNR 
which is as favorable as that of the example 7-1 and to 

35 achieve stability for reproduction with regard to the fixed 
external magnetic field. 
[Fifth Embodiment] 

The present embodiment is another arrangement of the 
magneto-optical recording medium of the above-mentioned 

40 embodiment, that makes it possible to realize a smooth shift 
of a domain wall in a first magnetic layer (or a sixth 
magnetic layer 21 and a seventh magnetic layer 22), and to 
realize a recording in a low magnetic field. 

EXAMPLE 8 

The example 5 of the second embodiment shows the 
magneto-optical recording medium in which a transparent 
dielectric protecting layer 14 made of A1N with a film 
thickness of 80 nm, a first magnetic layer 1 made of 

so (Gd 0 27 Fe 0 73 ) 0 85 Sio 15 with a film thickness of 40 nm, a 
second magnetic layer 2 made of Dy 0 25 Fe 0 75 with a film 
thickness of fO nm, a fourth magnetic layer 19 made of 
Tb o2o( Fe o9o Co oio)oso with a film thickness of 15 nm, a 
fifth magnetic layer 20 made of Tb 0 . 30 (Fe 0 . 87 Co 0 . 13 ) 0 . 70 with 

55 a film thickness of 15 nm, and a protecting layer 15 made of 
A1N with a film thickness of 20 n m are formed on a substrate 
13. 

In order to realize a recording in a low magnetic field, as 
described in the example 5, as an auxiliary recording layer, 
60 it is possible to stack a perpendicularly magnetized film 
being contact with one of the fourth magnetic layer 19 and 
the fifth magnetic layer 20 that has a higher Curie tempera- 
ture than the other. The perpendicularly magnetized film has 
a smaller cocrcivity and a higher Curie temperature as 
65 compared with the layer. 

In contrast, in the present example, the fourth magnetic 
layer 19 is made of a perpendicularly magnetized film 
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having a smaller coercivity and a higher Curie temperature downward magnetization are formed in the fourth magnetic 
than the fifth magnetic layer 20 so that the fourth magnetic layer 19 and the fifth magnetic layer 20 in accordance with 
layer 19 also serves as the auxiliary recording layer. This the direction of the recording magnetic field, under a con- 
arrangement makes it possible to reduce a leakage flux tinuous irradiation of a recording/reproducing laser of 6.5 
appearing in the fourth magnetic layer 19 and the fifth 5 mW. Further, a modulation frequency is changed in the 
magnetic layer 20, to realize a smooth shift of a domain wall recording magnetic field so that a domain pattern having a 
in the first magnetic layer 1, and to achieve a recording in a mark length between 0.1 and 0.5 fan is recorded. Here, the 
low magnetic field without adding a step for manufacturing mark length means that the recording domain whose length 
the auxiliary recording layer. corresponds to the mark length is formed with a pitch which 

Here, the fourth magnetic layer 19 is exchangeably 10 is twice as long as the mark length, 
coupled to the fifth magnetic layer 20 so that a domain wall Next, with regard to a CNR, a dependence on the mark 
is not allowed to shift at a predetermined reproducing length is measured under a continuous irradiation of the 
temperature; thus, the fourth magnetic layer 19 is also recording/reproducing laser of 1.8 mW. FIG. 20 shows the 
allowed to be formed of a perpendicularly magnetized film result as the example 8. For comparison, with the arrange- 
which has a smaller coercivity and a greater mobility of a 15 ment of the example 5, FIG. 20 shows a CNR of a magneto- 
domain wall as compared with the first magnetic layer 1. optical disk in the case in which the film thickness of the 
However, it is necessary to arrange the first magnetic layer fourth magnetic layer 19 is arranged at 30 nm without 
1 as a perpendicularfj magnetized film in which a coercivity disposing the fifth magnetic layer 20, as the comparative 
of a domain wall is relatively smaller and the mobility of a example 5. 

domain wall is larger as compared with the fifth magnetic 20 In the present example, the fourth magnetic layer 19 and 

layer 20, at a predetermined temperature. The following the fifth magnetic layer 20, whose polarities are different 

explanation describes an example of a forming method and from each other, are stacked so as to reduce a leakage flux, 

a recording and reproducing method of the magneto-optical Therefore, as in the case of the example 1, a CNR of not less 

disk having this construction. than 40 dB can be obtained at a mark length ranging from 

(f) Forming Method of the Magneto-optical Disk 25 0.1 to 0.5 ftm; meanwhile, in the comparative example 5, it 

Firstly, in the same manner as the example 5, a transparent is possible to obtain merely a CNR which is smaller than that 

dielectric protecting layer 14 made of A1N with a film of the example 5. 

thickness of 80 nm, a first magnetic layer 1 made of This is because in the magneto-optical recording medium 

(Gd 0i27 Fc 0i7 3) 0i8S Si 0il 5 with a film thickness of 40 nm, and of the comparative example 5, a perpendicularly magnetized 

a second magnetic layer 2 made of Dy 02S Fe 0 75 with a film 30 film having a TMrich composition is adopted as the fourth 

thickness of 10 nm are formed on a substrate 13. magnetic layer 19 without using the fifth magnetic layer 20 

Next, electricity is applied to an alloy target of GdFeCo, so as to increase a leakage llux appearing from the fourth 

and under the condition of gas pressure of 4xl0" 3 Torr, a magnetic layer 19 and to prevent a domain wall from 

fourth magnetic layer 19 made of Gd al9 (Fe 0 . 93 Co 0 . 07 ) 0 . 81 is smoothly shifting in the first magnetic layer 1. The mark 

formed on the second magnetic layer 2 with a film thickness 35 length becomes shorter so as to shorten a domain period 

of 15 nm. The fourth magnetic layer 19 is a perpendicularly which is recorded in the fourth magnetic layer 19, and an 

magnetized film which has a coercivity of 16 kA/m at room inverse period of a leakage flux which appears from the 

temperature and a Curie temperature of 270° C, and which fourth magnetic layer 19, thereby greatly affecting a shift of 

continuously maintains a TMrich composition from room a domain wall in the first magnetic layer 1. Therefore, the 

temperature to the Curie temperature(270° C). 40 CNR is considerably reduced in a region having a short mark 

Next, electricity is applied to an alloy target of TbFeCo, length, 

and under the condition of gas pressure of 4x10^ Torr, a Next, FIG. 21 shows a CNR which is dependent on a 

fifth magnetic layer 20 made of Tb,, . ,(l ; e,, s -('o,, is recording magnetic field that is measured at a mark length of 

formed on the fourth magnetic layer 19 with a film thickness 0.2 /<m with regard to the magneto-optical disks of the 

of 15 nm. The fifth magnetic layer 20 is a perpendicularly 45 example 5 and the example 8. In the example 5 which adopts 

magnetized film which has a coercivity of 400 kA/m at room a material of TbFeCo for the fourth magnetic layer 19, a 

temperature and a Curie temperature of 255° C, and which recording magnetic field of approximately ±15 kA/m is 

continuously maintains a RErich composition from room necessary for saturating the CNR; meanwhile, in the 

temperature to the Curie temperature(255° C). example 8, an approximately ±8 kA/m recording magnetic 

And then, in the same manner as the example 1, a 50 field is enough large to saturate the CNR. 

protecting layer 15 made of A1N is formed on the fifth cyamwb 

magnetic layer 20 with a film thickness of 20 nm. bXAMFLh y 

Moreover, in the above-mentioned arrangement, a ther- In the example 7, a magneto-optical recording medium 

mal diffusion metal layer made of materials selected from having a construction in which: a transparent dielectric 

Al, AlTa, AITi, AlCr, AINi, AICo, and Cu is added so that it 55 protecting layer 14 made of A1N with a film thickness of 80 

is possible to improve a thermal property of the medium. nm, a sixth magnetic layer 21 made of (Gd 0 30 Fe 0 70 ) 

Further, in some cases, it is possible to form an ultraviolet o.89 S io.ii with a film thickness of 20 nm, and a sev enth 

cure resin, a thermosetting resin, or a lubricating layer on the magnetic layer 22 made of (Gdo 21 Fe 0 79 ) 0 83 Si 0 17 with a 

protecting layer 15 or the thermal diffusion metal layer. film thickness of 20 nm, a second magnetic layer 2 made of 

(2) Recording and Reproducing Property 60 Dy 0 . 2 5 Fe o.75 wit h a film thickness of 10 nm, a fourth 

The following explanation describes an evaluation result, magnetic layer 19 made of Tb 0 20 (Fe 0 90 Co 0 10 ) 0 80 with a 

in which the magneto-optical disk is evaluated by using a film thickness of 15 nm, a fifth magnetic layer 20 made of 

magneto-optical pickup which adopts a semiconductor laser Tbo.3o(P e o.s7^°o.i3)o.7o w i tn a fi' 171 thickness of 1 5 nm, and 

having a wavelength of 680 nm, under the condition of a a protecting layer 15 made of A1N with a film thickness of 

linear speed of 2.5 m/'s. 65 20 nm are formed on a substrate 13. 

Firstly, a recording magnetic field is modulated at ±9 In this magneto-optical recording medium, as described in 

kA'm so that repeated patterns of upward magnetization and the example 5, in order to record in a lower magnetic field, 
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it is possible to Mack a pcrpcndiciilarh magnetized film as 
an auxiliary recording layer being contact with one of the 
fourth magnetic layer 19 and the fifth magnetic layer 20, that 
has a higher Curie temperature than the other. The perpen- 
dicularly magnetized film has a smaller coercivity and a 
higher Curie temperature as compared with the layer. 

In contrast, in the present example, the fourth magnetic 
layer 19 is formed of a perpendicularly magnetized film 
having a smaller coercivity and a higher Curie temperature 
than the fifth magnetic layer 20 so that the fourth magnetic 
layer 19 can be also used as the auxiliary recording layer. 
This arrangement makes it possible to reduce a leakage flux 
appearing in the fourth magnetic layer 19 and the fifth 
magnetic layer 20, to realize a smooth shift of a domain wall 
in the sixth magnetic layer 21 and the seventh magnetic layer 
22, and to achieve a recording in a low magnetic field 
without adding a step for manufacturing the auxiliary 
recording layer. 

Here, the fourth magnetic layer 19 is exchangeably 
coupled to the fifth magnetic layer 20 so that a domain wall 
is not allowed to shift at a predetermined reproducing 
temperature; thus, the fourth magnetic layer 19 can be also 
formed of a perpendicularly magnetized film which has a 
smaller coercivity and a greater mobility of a domain wall as 
compared with the sixth magnetic layer 21 and the seventh 
magnetic layer 22. However, it is necessary to arrange the 
sixth magnetic layer 21 and the seventh magnetic layer 22 as 
perpendicularly magnetized films in which coercivity of 
domain walls arc relatively smaller and the mobility of 
domain walls are larger as compared with the fifth magnetic 
layer 20, at a predetermined temperature. The following 
explanation describes an example of a forming method and 
a recording and reproducing method oh the magneto-optical 
disk having this construction. 
(1) Forming Method of the Magneto-optical Disk 

Firstly, in the same manner as the example 7, a transparent 
dielectric protecting layer 14 made of A1N with a film 
thickness of 80 nm, a sixth magnetic layer 21 made of 
((id 0 .3o 1 '' c o.7o)o.x<>Si< : . r with a film thickness of 20 nm. and 
a seventh magnetic layer 22 made of (Gd 0 21 Fe a79 ) a83 Si ai7 
with a film thickness of 20 nm, and a second magnetic layer 
2 made of l)y 0 . :s l ; %-, with a film thickness of 10 inn arc 
formed on a substrate 13. 

Next, electricity is applied to an alloy target of GdFeCo, 
and under the condition of gas pressure of 4xf0~ 3 Torr, a 
fourth magnetic layer 19 made of (kf, 19 (f c n 0 ,('o n 07 ) n (S1 is 
formed on the second magnetic lay er 2 with a film thickness 
of f 5 nm. The fourth magnetic layer 19 is a perpendicularly 
magnetized film which has a coercivity of f 6 kA/m at room 
temperature and a Curie temperature of 270° C, and which 
continuously maintains a TMrich composition from room 
temperature to the Curie temperature(270° C). 

Next, electricity is applied to an alloy target of ThFcCo. 
and under the condition of gas pressure of 4xf0" 3 Torr, a 
fifth magnetic layer 20 made of Tb 0 30 (Fe 0 87 Co 0 13 ) 0 70 is 
formed on the fourth magnetic layer 19 with a film thickness 
of f 5 nm. The fifth magnetic layer 20 is a perpendicularly 
magnetized film which has a coercivity of 400 kA/m and a 
Curie temperature of 255° C. at room temperature, and 
which continuously maintains a RErich composition from 
room temperature to the Curie temperature(255° C). 

And then, a protecting layer 15 made of A1N is formed on 
the fifth magnetic layer 20 with a film thickness of 20 nm. 

Moreover, in the above-mentioned arrangement, a ther- 
mal diffusion metal layer made of materials selected from 
Al, AlTa, AITi, AlCr, AINi, AICo, and Cu is added so that it 
is possible to improve a thermal property of the medium. 
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Further, in some cases, it is possible to form an ultraviolet 
cure resin, a thermosetting resin, or a lubricating layer on the 
protecting layer 15 or the thermal diffusion metal layer. 
(2) Recording and Reproducing Property 

The following explanation describes an evaluation result, 
in which the above-mentioned magneto-optical disk is 
evaluated by using a magneto-optical pickup which adopts 
a semiconductor laser having a wavelength of 680 nm, under 
the condition of a linear speed of 2.5 m/s. 

Firstly, a recording magnetic field is modulated at ±9 
k A m so thai repeated patterns of upward magnetization and 
downward magnetization are formed in the fourth magnetic 
layer 19 and the fifth magnetic layer 20 in accordance with 
the direction of the recording magnetic field, under a con- 
tinuous irradiation of a recording/reproducing laser of 6.5 

5 mW. A modulation frequency is changed in the recording 
magnetic field so that a domain pattern having a mark length 
between 0.1 and 0.5 /an is recorded. Here, the mark length 
means that the recording domain whose length corresponds 
to the mark length is formed with a pitch which is twice as 

5 long as the mark length. 

Next, with regard to a CNR, a dependence on the mark 
length is measured under a continuous irradiation of the 
recording/reproducing laser of f .8 mW. FIG. 22 shows the 
result as the example 9. 

i For comparison, FIG. 22 shows a CNR of the magneto- 
optical disk of the example 7. In the example 9, the fourth 
magnetic layer 19 and the fifth magnetic layer 20 whose 
polarities are different from each other are stacked so as to 
reduce a leakage flux, and a CNR of not less than 40 dB can 

) be obtained at a mark length between 0.1 and 0.5 in the same 

And then, with regard to the magneto-optical disks if the 

example 7 and the example 9, FIG. 23 shows a result of a 
study on a CNR which is dependent on a recording magnetic 

5 field at a mark length of 0.2 fan. In the example 7 which 
adopts a material of TbFeCo as the fourth magnetic layer 19, 
a recording magnetic field of an approximately ±15 kA/m is 
necessary for saturating the CNR; meanwhile, in the 
example 9, an approximately ±8 kA/m is enough to saturate 

i the CNR. 

A magneto-optical recording medium of the present 
invention is also allowed to have the following construction: 
at least a first, second, and third magnetic layers are suc- 
cessively stacked; the first magnetic layer is made of a 

5 perpendicularly magnetized film whose domain wall coer- 
civity is relatively smaller and whose domain wall mobility 
is relatively larger as compared with the third magnetic layer 
around a predetermined temperature; the perpendicularly 
magnetized film increases the temperature to more than the 

] Curie temperature due to a heating upon reproduction; and 
when the first magnetic layer, the second magnetic layer, and 
the third magnetic layer respectively have Curie tempera- 
tures of Tel, Tc2, and Tc3, a condition of Tc2<Tcl<Tc3 is 
satisfied. 

5 The magneto-optical recording medium of the present 
invention is also allowed to have a construction in which 
when the first magnetic layer has a Curie temperature of Tcf 
in the magneto-optical recording medium, a condition of 
140° C.STcl£240° C. is satisfied. 

! The magneto-optical recording medium of the present 
invention is also allowed to have a construction in which 
when the first and second magnetic layers respectively have 
Curie temperatures of Tcf and Tc2 in the magneto-optical 
recording medium, a condition of 40° C.£Tc2 = Tcl-40° C. 

5 is satisfied. 

The magneto-optical recording medium of the present 
s also allowed to have the following construction: 
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at least the first, second, and third magnetic layers are layer and the fifth magnetic layer have different magnetic 

successively stacked; the first magnetic layer is made of a polarities; the fourth magnetic layer has a smaller coercivity 

perpendicularly magneti/cd film whose domain wall coer- than the fifth magnetic layer; when the first magnetic layer, 

civil y is relatively smaller and whose domain wall mobility the second magnetic layer, the fourth magnetic layer, and the 

is relatively larger as compared with the third magnetic layer 5 tilth magnetic layer, respectively have Curie temperatures of 

around a predetermined temperature; when the first mag- Tcl,Tc2, Tc4, and Tc5, a condition of Tc2< I'd <Tc5<Tc4 is 

nctic layer, the second magnetic layer, and the third mag- satisfied. 

netic layer respectively have Curie temperatures of Tel, Tc2, Areproducing apparatus of the magneto-optical recording 

and Tc3, a condition of Tc2<Tcl< I'c3 is satisfied; and the medium in accordance with the present invention, that is a 

first magnetic laver satisfies -60° ( |'e< •nip 1 w hen the first 10 reproducing apparatus for reproducing the magneto-optical 

magnetic layer has a compensation temperature of Tcompl; recording medium, is also allowed to include an irradiating 

or the first magnetic layer serv es as a perpendicularly means for emitting an optical beam on the magneto-optical 

magnetized film having a RErich composition at a tempera- recording medium upon reproducing, and a controlling 

tore of not less than 25° C. means for controlling intensity of an irradiated light beam so 

The magneto-optical recording medium of the present 15 as to heat the first magnetic layer of the magneto-optical 

invention is also allowed to have the following construction: recording medium to more than the Curie temperature, 

at least the first, second, and third magnetic layers are The reproducing apparatus for the magneto-optical 

successively slacked; the lirst magnetic layer is made of a recording medium of the present invention, which is a 

perpendicularly magnetized film whose domain wall coer- reproducing apparatus for reproducing the above-mentioned 

civity is relatively smaller and whose domain wall mobility 20 magneto-optical recording medium, is also allowed lo 

is relatively larger as compared with the third magnetic layer include an irradiating means for emitting an optical beam on 

around a predetermined temperature; when the first mag- the magneto-optical recording medium upon reproducing; 

netic layer, the second magnetic layer, and the third mag- and a controlling means for controlling intensity of an 

netic layer respectively have Curie temperatures of Tel, Tc2, irradiated light beam so as to heat the sixth and seventh 

and Tc3, a condition of Tc2<Tcf <Tc3 is satisfied; and the 25 magnetic layers of the magneto-optical recording medium to 

third magnetic layer satisfies -40° C.STcomp3^Tc3 when more than the Curie temperatures. 

the third layer has a compensation temperature of Tcomp3. A reproducing method of the magneto-optical recording 
The magneto-optical recording medium of the present medium of the present invention is a reproducing method for 
invention is also allowed to have the following construction: the above-mentioned magneto-optical recording medium, in 
at least the first, second, fourth, and tilth magnetic layers are 50 which at least the lirst. second, and third magnetic layers are 
successively stacked; the first magnetic layer is made of a successively stacked, the first magnetic layer is made of a 
perpendicularly magnetized film whose domain wall coer- perpendicularly magnetized film whose domain wall coer- 
civity is relatively smaller and whose domain wall mobility civity is relatively smaller and whose domain wall mobility 
is relatively larger as compared with the fourth and fifth is relatively larger as compared with the third magnetic layer 
magnetic layers around a predetermined temperature; the 35 around a predetermined temperature, and Curie tempera- 
fourth magnetic layer and the fifth magnetic layer have tures are arranged for the second magnetic layer, the first 
different magnetic polarities; when the first magnetic layer, magnetic layer, and the third magnetic layer from lowest to 
the second magnetic layer, the fourth magnetic layer, and the highest, the method including a step of heating the first 
fifth magnetic layer respectively have Curie temperatures of magnetic layer to more than the Curie temperature upon 
Tel, Tc2, Tc4, and Tc5, conditions of Tc2<Tcl<Tc4 and 40 reproducing so as to form an area which regulates a shift of 
Tc2<Tcl<Tc5 are satisfied. a domain. 

The magneto-optical recording medium of the present As described above, in the magneto-optical recording 

invention is also allowed to have the following construction: medium of the present invention, the first magnetic layer, the 

at least the sixth, seventh, second, and third magnetic layers second magnetic layer, and the third magnetic layer are 

are successively stacked; each of the sixth and seventh 45 successive 1\ stacked, and when the layers respectively have 

magnetic layers is made of a perpendicularly magnetized Curie temperatures of Tel, Tc2, and Tc3, Tc2<Tcl<Tc3 is 

film whose domain wall coercivity is relatively smaller and satisfied. 

whose domain wall mobility is relatively larger as compared Such a magneto-optical recording medium and a repro- 

with the third magnetic layer around a predetermined tem- ducing method make it possible to expand and reproduce a 

peralure; the sixth magnetic layer and the seventh magnetic 50 domain without causing a repetition of reproduction and to 

layer have different magnetic polarities; when the sixth reproduce a signal having a period which is not more than 

magnetic layer, the seventh magnetic layer, the second an optical diffraction limit without reducing an amplitude of 

magnetic layer, and the third magnetic layer, respectively the reproduced signal, thereby dramatically improving a 

have Curie temperatures of Tc6, Tc7, Tc2, and Tc3, condi- recording density. 

tions of Tc2<Tc6<Tc3 and Tc2<Tc7<Tc3 are satisfied. 55 Further, the fourth magnetic layer and the fifth magnetic 

The magneto-optical recording medium of the present layer, which have different magnetic polarities, are used 

invention is also allowed to have a construction in which Tc6 instead of the third magnetic layer so as to prevent a leakage 

and Tc7 are virtually the same in the magneto-optical flux appearing toward the first magnetic layer and to reduce 

recording medium. an influence of the leakage flux on a reproducing layer; 

The magneto-optical recording medium of the present 60 consequently, it is possible to allow a domain wall to 

invention is also allowed to have the following construction: smoothly shil i in die i epi c iducing layer, 

at least the first, second, fourth, and fifth magnetic layers are This arrangement makes it possible to stably expand and 

successively slacked: the lirst magnetic layer is made of a reproduce a domain without causing a repetition of repro- 

perpendicularly magnetized film whose domain wall coer- duction and to reproduce a signal having a period which is 

civity is relatively smaller and whose domain wall mobility 65 not more than an optical diffraction limit without reducing 

is relatively larger as compared with the fifth magnetic layer an amplitude of the reproduced signal, thereby dramatically 

around a predetermined temperature; the fourth magnetic improving a recording density. 
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Furthermore, instead of the first magnetic layer, the sixth 
magnetic layer and the seventh magnetic layer, which have 
different magnetic polarities, are used so as to reduce an 
influence of the leakage flux and to allow a domain wall to 
smoothly shift in the first magnetic layer; consequently, it is 
possible to stably expand and reproduce the domain wall 
without causing a repetition of reproduction. 

Moreover, the fourth magnetic layer is made of a perpen- 
dicularly magnetized film whose coercivity is smaller and 
whose Curie temperature is higher as compared with the 
fifth magnetic layer so as to reduce a leakage flux appearing 
in the fourth magnetic layer and the fifth magnetic layer, to 
realize a smooth shift of the domain wall in the first 
magnetic layer, and to realize a recording in a low magnetic 
field. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended to be included 
within the scope of the following claims. 

What is claimed is: 

1. A magneto-optical recording medium comprising: 
a recording layer, 

an intermediate layer in which an area for interrupting an 
exchange coupling to said recording layer is formed at 
a predetermined temperature or more, and 

a reproducing layer which is made of a perpendicularly 
magnetized film whose domain wall coercivity is rela- 
tively smaller and whose domain wall mobility is 
relatively larger as compared with said recording layer 
around a predetermined temperature, 

wherein said reproducing layer is arranged so as to have 
a composition which, upon reproducing, is allowed to 
partially form an area whose temperature exceeds a 
Curie temperature of said reproducing layer, on the area 
of said intermediate layer that interrupts the exchange 
coupling. 

2. The magneto-optical recording medium as defined in 
claim \, wherein when said reproducing layer, said inter- 
mediate layer, and said recording layer respectively have 
Curie temperatures of Tel, Tc2, and Tc3, Tel, Tc2, and Tc3 
satisfy a condition of Tc2< Tcl<Tc3. 

3. The magneto-optical recording medium as defined in 
claim 2, further comprising a transparent dielectric made of 
at least one material selected from the group consisting of 
A1N, SiN, AlSiN, and Ta 2 0 3 , 

wherein said transparent dielectric is arranged so as to 
have a II 1 in Ihickncss of approximately (/ (4n)) when 
an emitted light beam has a wavelength of /. and said 
transparent dielectric has a refractive index of n. 

4. The magneto-optical recording medium as defined in 
claim 2, wherein said recording layer is a perpendicularly 
magnetized film made of at least one material selected from 
the group consisting of fhl'e. Tbf'cCo. Dyfe. Dyf'eCo. 
TbDyFe, and TbDyFeCo. 

5. The magneto-optical recording medium as defined in 
claim 2, wherein said intermediate layer is a perpendicularly 
magnetized film made of at least one material selected from 
the group consisting of: TbFe, TbFeCo, DyFe, DyFeCo, 
TbDyFe, TbDyFeCo, TbFeD, TbFeCoD, DyFeD, 
DyFeCoD, TbDyFeD, and TbDyFeCoD(D is made of one or 
more elements selected from Y, Ti, V, Cr, Pd, Cu, Si, and Al). 

6. The magneto-optical recording medium as defined in 
claim 2, wherein Tel satisfies a condition of f40° 
C.^Tcf£240 o C. 
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7. The magneto-optical recording medium as defined in 
claim 2, wherein when said reproducing layer has a com- 
pensation temperature of Tcompf , Tcompf satisfies a con- 
dition of -60° C. £ Tcomp f . 
5 8. The magneto-optical recording medium as defined in 
claim 2, wherein Tel and Tc2 satisfy a condition of 40° 
C.£Tc2STcl-40° C. 

9. The magneto-optical recording medium as defined in 
claim 2, wherein Tc2 satisfies a condition of 40° 

10 C.£Tc2S140° C. 

10. The magneto-optical recording medium as defined in 
claim 2, wherein Tc3 satisfies a condition of 180° 
C.£Tc3S300° C. 

11. The magneto-optical recording medium as defined in 
15 claim 2, wherein when said recording layer has a compen- 
sation temperature of Tcomp3, Tcomp3 satisfies a condition 
of -40° C.£Tcomp3£Tc3. 

12. The magneto-optical recording medium as defined in 
claim 2, wherein two magnetic films having different mag- 

20 nelic polarities are stacked so as to form said recording layer. 

13. The magneto-optical recording medium as defined in 
claim 12, wherein said two magnetic films respectively have 
different magnetic polarities so that total magnetization of 
one of the magnetic films and total magnetization of the 

25 other magnetic film cancel each other. 

14. The magneto-optical recording medium as defined in 
claim 12, wherein said two magnetic films have different 
magnetic polarities so that when one of the magnetic films 
has a TMrich composition which allows transition metal 

30 magnetic moment to normally exceed with respect to a 
compensation composition which allows rare earth metal 
magnetic moment and transition metal magnetic moment to 
balance each other, the other magnetic film has a RErich 
composition which allows rare earth metal magnetic 

35 moment to normally exceed with respect to the compensa- 
tion temperature. 

15. The magneto-optical recording medium as defined in 
claim 12, wherein with regard to said two magnetic films 
having different magnetic polarities, when one of the mag- 

40 netic films has a Curie temperature of Tc4 and the other 
magnetic film has a Curie temperature of Tc5, Tc4 and Tc5 
satisfy conditions of Tc2<Tcl<Tc4 and Tc2<Tcl<Tc5. 

16. The magneto-optical recording medium as defined in 
claim 15, wherein Tc4 and Tc5 satisfy conditions of 180° 

45 C.STc4£300° C. and 180° C.£Tc5£300° C. 

17. The magneto-optical recording medium as defined in 
claim 15, wherein: one of said magnetic films has a smaller 
coercivity than the other magnetic film, said reproducing 
layer is made of a perpendicularly magnetized film whose 

50 domain wall coercivity is smaller and whose domain wall 
mobility is larger as compared with the oilier magnetic film, 
and Tc4 and To satisfy a condition of 'lo<Tc4. 

18. The magneto-optical recording medium as defined in 
claim 17, wherein two magnetic films having different 

55 magnetic polarities are stacked so as to form said reproduc- 
ing layer. 

19. The magneto-optical recording medium as defined in 
claim 2, further comprising a perpendicularly magnetized 
film serving as an auxiliary recording layer which has a 

60 smaller coercivity and a higher ('uric temperature as com- 
pared with said recording layer. 

20. The magneto-optical recording medium as defined in 
claim 2, wherein two magnetic films having different mag- 
netic polarities are stacked so as to form said reproducing 

65 layer. 

21. The magneto-optical recording medium as defined in 
claim 20, wherein said two magnetic films respectively have 
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different magnetic polarities so that total magnetization of 
one of the magnetic films and total magnetization of the 
other magnetic film balance each other. 

22. The magneto-optical recording medium as defined in 
clarm 20, wherein sard two magnetic films have different 5 
magnetic polarities so that when one of the magnetic films 
has a TMrich composition which allows transition metal 
magnetic moment to normally exceed with respect to a 
compensation composition which allows rare earth metal 
magnetic moment and transition metal magnetic moment to Hi 
balance each other, the other magnetic film has a RErich 
composition which allows rare earth metal magnetic 
moment to normally exceed with respect to the compensa- 
tion temperature. 

23. The magneto-optical recording medium as defined in 15 
claim 20, wherein with regard to said two magnetic films, 
when one of the magnetic films has a Curie temperature of 
led and the other magnetic film has a Curie temperature of 
Tc7, Tc6 and Tc7 satisfy conditions of Tc2<Tc6<Tc3 and 
Tc2<Tc 7<Tc3. 20 

24. The magneto-optical recording medium as defined in 
claim 23, wherein Tc6 and Tc7 satisfy conditions of f40° 
C.^Tc6 andTc7^240° C. 

25. The magneto-optical recording medium as defined in 
claim 23, wherein Tc6 and Tc7 are virtually the same. 25 

26. The magneto-optical recording medium as defined in 
claim 2, wherein said recording layer has a film thickness 
ranging between 5 and 80 nm. 

27. The magneto-optical recording medium as defined in 
claim 2, wherein said reproducing layer has a thickness 30 
ranging between 20 and 80 nm. 

28. The magneto-optical recording medium as defined in 
claim 2, wherein said intermediate layer has a thickness 
ranging between 20 and 80 nm. 

29. The magneto-optical recording medium as defined in 35 
claim 2, wherein said reproducing layer is a perpendicularly 
magnetized film made of at least one material selected from 
the group consisting of: GdFe, GdFeD, GdFeCoD(D is made 

of one or more elements selected from Y, Ti, V, Cr, Pd, Cu, 
Si, and Al), GdHRFe, GdHRFeCo, GdHRFeCoD(HR is a 40 
heavy rare earth metal, and is made of one or more elements 
selected from Tb, Dy, Ho, and Er, and D is made of one or 
more elements selected from Y, Ti, V, Cr, Pd, Cu, Si, and Al), 
GdLRFe, GdLRFeCo, and GdLRFeCoD(LR is a light rare 
earth metal, and is made of one or more elements selected 45 
from Ce, Pr, Nd, and Sm, and D is made of one or more 
elements selected from Y. Ti, V. Cr. Pd, Cu. Si, and Al) 

30. The magneto-optical recording medium as defined in 
claim 1, wherein the area, whose temperature is increased to 
more Ihan llie Curie temperature in said reproducing layer, sn 
regulates a shift of a domain wall at both ends with regard 
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to a shifting direction of the magneto-optical recording 
medium; and a shift of a domain wall on a shifting direction 
side of the magneto-optical recording medium appears in 
such a position that a domain expanded by the shift of the 
domain wall is located outside a light-beam irradiated area. 

31. A magneto-optical recording medium comprising: 
a recording layer, 

an intermediate layer in which an area for interrupting an 
exchange coupling to said recording layer is formed at 
a predetermined temperature or more, and 

a reproducing layer which is made of a perpendicularly 
magnetized film whose domain wall coercivity is rela- 
tively smaller and whose domain wall mobility is 
relatively larger as compared with said recording layer 
around a predetermined temperature, 

wherein: when said reproducing layer, said intermediate 
layer, and said recording layer respectively have Curie 
temperatures of lei, fc2, and Tc3, I'd, Tc2, and Tc3 
satisfy a condition of Tc2<Tcl<Tc3, and 

said reproducing layer serves as a perpendicularly mag- 
netized film at a temperature of not less than 25° C. and 
has a composition which allows rare earth metal mag- 
netic moment to normally exceed transition metal mag- 
netic moment at a temperature of not more than Tel 
with respect to a compensation composition which 

32. A magneto-optical recording medium comprising: 
a recording layer, 

an intermediate layer in which an area for interrupting an 
exchange coupling to said recording layer is formed at 
a predetermined temperature or more, and 

a reproducing layer which is made of a perpendicularly 
magnetized film whose domain wall coercivity is rela- 
tively smaller and whose domain wall mobility is 
relatively larger as compared with said recording layer 
around a predetermined temperature. 

wherein when said reproducing layer, said intermediate 
layer, and said recording layer respectively have Curie 
temperatures of Tel, Tc2, and Tc3, Tel, Tc2, and Tc3 
satisfy a condition of Tc2<Tcl<Tc3, and 

said reproducing layer has a compensation temperature, 
and a composition of said reproducing layer is arranged 
so as to set the compensation temperature at a tem- 
perature which does not prevent a shift of a domain 
wall in the area whose temperature is increased to more 
than a Curie temperature of said reproducing layer. 



